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Means and methods for diagnosing and treating affective disorders 

The present invention relates to nucleic add molecules, preferably genomic 
sequences, encoding an ATP-gated Ion channel P2X7R which contain a mutation in 
the yUTR or 3'UTR regions, a mutation in exon 3, 5. 6. 8 or 13 or In Introns 1 . 3. 4, 5. 
6, 7, 9. 11 or 12 or a deletion in exon 13, which allow to diagnose affective disorders. 
The invention further relates to polypeptides encoded by said nucleic acid molecules 
vectors and host cells comprising said nucleic acid molecules as well as to methods 
for producing polypeptides encoded by said nucleic acid molecules. The present 
invention also provides antibodies specifically directed to polypeptides encoded by 
said nucleic add molecules and aptamers specifically binding said nucleic add 
molecules. 

Additionally, primers for selectively amplifying said nucleic add molecules are 
provided in the present Invention as well as kits, compositions, particularly 
phanmaceutical and diagnostic compositions comprising said nucleic add molecules, 
vectors, polypeptides, aptamers. antibodies and/or primers. Moreover, the present 
invention relates to methods for diagnosing affective disorders assodated with a non- 
functional P2X7R protein, an altered ATP-gating of the P2X7R protein, an over- or 
underexpression of the P2X7R pnatein or associated with the presence of any one of 
the aforementioned nucleic add molecules or polypeptides encoded thereby. 
Additionally, the present invention relates to uses and methods for treating affective 
disorders employing a functional or non-functional ATP-gated ion-channel P2X7R. 
The present invention also relates to uses of modulators of P2X7R activity for 
treating affective diseases. 

Furthemnore, the present invention also relates to methods for identifying and 
characterizing compounds which are capable of specifically interacting with or 
altering the characteristics of the polypeptides of the present invention as well as to 
methods for the production of pharmaceutical compositions. 



Up to 10% of persons visiting a physician are afflicted with an affective disorder (also 
known as behavioural disorder, mood disorder). Nonetheless, most cases remain 



rr " «^ve disortars Include among o»,ers 

depr-,on, an»e.y. and «po,ar diso^ar. Thesa dlsaases ^ wa„ dascri.! i„ ^^ 

Ed*on Text Revision (OMS-IV-TR). An»rioan Psychiatric P,ess, 2000 

^P^. also kno^n as unipolar affac.h« disorder, is characterized by a 

feel-ng o^ physical illness, poor concent««on, altered appetite, altered sleep and a 
towing down of physical and n^ntai ft,ncticns resuiSng in a lelentless fL^ ^ 
hopelessness, helplessness, gui«, and anxiety. The prin,a,y subtypes o, thil^^^ 
are major ep^ssion, dysthymla (milder dep^ssion). and atypical dap Js^n ^^ 

affe*,e disorder. Present treatment of depiession consists of psychotheia^ 

antidepressant drugs, or a combination of bom. Most antldep^ssK, 

^nsport Of the neu™transm«.ers se^tonln and/or no^plnephrine, or .he aX c^ 

inhib^Tir':"""^'*'^"- se^tonin^upLe 
inhbtors (e.g., fluoxetne, pa^xetine. sertraline, fluvoxamina), bicydic 

monoamine oxidase inhibitors (e.g.. phenelzine. isoca*oxa.id. tranyicypiominT^' 
designer anUdep^ssanU such as mirtazapina. reboxe«ne. nef^odone However^ 

rprse":^:T" r' - -"-^v - 

«8ponse, h^h degree of non^ponders and undesirable side effects (Holsboer 

tor new antdep^ssive drugs with improved phannacolog,oal profile (B^Ma 
Psychopharmacol. Qin. Exp. 16 (2001), 893^99) 

^L*Tr, '"^^ ~™ °' >n.,^,r>^. abused state 

acc^ng to the seventy and duration of their symptoms and spedfic affective 
chaiactenstrcs. Categories Indude: (1). Generalized anxiety disorder. (2) oani! 

dtr ' — ""^P"'^ "--er. (erpost-trauma c Zs 

J^2^andJ6,^sep^aj^_^an^^^ 

anxiety disorder, is a combination of cognitlve^ehavioura, therapy 
-^P^ssant madron. AddKtona, medtoattons indude banzodia^pinls and 



Bipolar disorder, also known as manic-depression, is characterized by mood swings 
between periods of mania (i.e. mood elevation including exaggerated euphoria, 
irritability) and periods of depression. Bipolar disorder is classified according to the 
severity of the symptoms. Patients diagnosed with bipolar disorder type I suffer from 
manic or mixed episodes with or without major depression. In Bipolar Disorder type II. 
patients have episodes of hypomania and episodes of major depression. With 
hypomania the symptoms of mania (euphoria or initability) appear in milder forms 
and are of shorter duration. The current drugs used to treat bipolar disorders are 
lithium, valproate and lamotrigine, which stimulates the release of the 
neurotransmitter glutamate. As with antidepresslve dmgs, they take weeks to 
become effective and can result in undesirable side effects, for example, high levels 
of lithium in the blood can be fatal. 

Compelling evidence suggest that affective disorders are biological diseases. 
However, there are no laboratory tests or other procedures that a common physician 
can use to make a definitive diagnosis. Instead, a specially trained physician or 
psychiatrist must diagnose the illness based on a group of symptoms that occur 
together. This process is often time consuming and laborious requiring several visits 
for the physician to perfonm a careful history of the symptoms that the patient is 
cun-ently experiencing as well as any symptoms he or she has had in the past. 
Therefore, an easy and effective method for the accurate diagnosis of affecth/e 
disorders is of high interest to the medical community fWittchen et al., J. Clin. 
Psychiatry 62, suppl. 26 (2001), 23-28). 

Most patients afflicted with affective disorders have family antecedents and identical 
twins studies suggest a strong genetic component. For example, genetic mapping on 
an isolated population of the central valley of Costa Rica suggests a locus for severe 
bipolar disorder at chromosome 18q22-q23 (Freimer et al.. Nature Genetics 12 
(1996), 436-441). Moreover, genetic studies perfomied on the Old Order Amish 
population suggest that genes on chromosomes 6. 13, and 15 may contribute to the 
susceptibility of bipolar affective disorder (Ginns et al.. Nature Genetics 12 (1996), 
431-435). Recently, a genome-wide search in a homogenous population found in the 
Saguenay/Lac-St-Jean region of Quebec suggests the presence of a major locus for 
bipolar disorder on chromosome 12q23-q24 (Morissette et al.. Am. J. Med. Genet. 
(Neuropsychiatr. Genet) 88 (1999), 567-587). Susceptibility loci on chromosomes 5 



and 21 «,ere also found in this study. Other groups repon minima, evidence for 

TTSU" " ^ ^ ""^^ Acad. Sd. USA 98 (2001, 

585-590; §^ A„nu. Rev. Genomics Hum. Genet 3 (2002). 371-413). Given the 
venous toe. mentioned in the above studies (e.g.. iinks to chromosomes 5 6 12 13 
15. 18. 21). a definite genetic iini< Ibr affective diseases remains to 1« found. ' ' ' 

Thus^ although several genes have been assumed to be linked wiu, affective 
d^rdere as menttoned hereinabove, however, no clear con-elation has so far been 
Shown. Sto no well-suited medicaUon nor diagnosis on a molecular level for 
^ drscoiers Is available, there is a need for identifying a gene whose 
muttons cause «,e whole speCn^m of affec«ve disorders as well as for providing 
medK»ment8 and methods for diagnosis and treatment of affective disorders 

Thus, «,e ted,„ical problem undertying the present Invention is to provWe means and 
methods for diagnosis and treating affective disoreteis. 

^"""h'" T ""^""^ "^'^ ^ embodiments 

charactenzed in the claims. 

AcoordingV. the present invention relates to a nucleic add molecule comprising a 
nucleic add sequence selected from the group consisting of 

(a) a genomic nudeoBde sequence encoding an ATP-gated ion channel P2XrR 
and whrd, contains a mutation In the 5'UTR regton corresponding to 

positions 362. 532. 1100. 1122 1171 or tytr> ^ 

11 '1 or 1702 of the genomic sequence of 

the wrW^ype ATP-gated ton channel P2X7R as depicted in SEQ ID NO- 1 

"h"*'"* saw POSiUon said nudeotide is replaced by another nudeotlde- ' 

(b) a nudrtc acid sequence er,coding a polypeptide whid, has an amino «*) 
sequence of the ATP.^ated ion channel P2X7R. . wherein In the exon as 
indicated in column -Exon' of the fbllowing Table A the amino add residue 

__,_asj5?loate?l_|!icoLumn 

DOSition as inrlir^of^^rl \r> ai-*__.*._ . - - - . 



position as indicated in column "Position In wild-type" of Table A of the vwld- 
type ATP-gated Ion channel P2X7R amino add sequence as depicted In 
SEQ ID NO: 3 or 4 is replaced by another amino add residue 
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Table A 



Exon 


Amino acid residue 


Position in wild-type 


exon 3 


R (Arg) 


117 


exon 5 


G (Gly) 


150 


exon 6 


E (Glu) 


186 


exon 6 


L (Leu) 


191 


exon 8 


R(Arg) 


270 


exon 13 


1 (lie) 


568 


exon 13 


R(Ara) 


578 



(c) a nucleotide sequence encoding an ATP-gated Ion channel P2X7R and 
which contains a mutation in exon 5 or 8 conresponding to position 32548 or 

p position 37633 of the wild-type ATP-gated ion channel P2X7R nucleotide 

sequence as depicted in SEQ ID NO: 1, wherein at said position said 
nucleotide Is replaced by another nucleotide 

(d) a nucleic acid sequence encoding a polypeptide which has an amino acid 
sequence of an ATP-gated Ion channel P2X7R. wherein amino acids 
corresponding to positions 488 to 494 of the wild-type ATP-gated ion 
channel P2X7R as depicted in SEQ ID NO: 3 or 4 are deleted; 

(e) a genomic nucleotide sequence encoding an ATP-gated ion channel 
P2X7R, wherein in the intron as Indicated in column "intron" of the following 
Table B the nucleotide as indicated in column "Replaced nucleotide" of 
Table B corresponding to the position as indicated In column "Position in 

^ wild-type" of Table B of the wild-type ATP-gated ion channel P2X7R 

nucleotide sequence as depicted in SEQ ID NO: 1 is replaced by another 
nucleotide 



Table B 



intron 


REPUVCED NUCLEOTIDE 


Position in wlld-type 


Intron 1 


G 


3166 


intron 1 


C 


24778 


intron 1 


C 


24830 


intron 3 


A 


26308 


intron 3 


(3 


26422 


intron 4 


C3 


32394 


intron 4 


T 


32434 


intron 5 


A 


32783 


intron 6 


G 


35641 


intron 6 


A 


35725 


intron 6 


T 


36001 



(f) 



(g) 

(h) 

(0 
G) 

(k) 



intron 7 



intron 7 
intron 9 



intron 1 1 



intron 12 
Intron 12 



T_ 
C_ 
G 



36378 



36387 
36398 



47214 



47563 



54307 
54308 



a genomic nucleotide sequence encoding an ATP^ated ion channel P2X7R 
and Which contains a mutation in the 3'UTR region corresponding to position 
55169. 55170. 55171. 55917 or 54925 of the v.,d-type ATP-gaL ion 
channel P2X7R nucleotide sequence as depicted in SEQ ID NO: 1 wherein 
at said position said nucleotide Is replaced by another nucleotide- 
a nucleotide sequence comprising at least 20 or 21 nucleotides and 
comprising the mutations or deletions as defined In any one of (a) to (f)- 
a nucleic acid sequence comprising a nucleotide sequence as shown in any 
one of SEQ ID NOs: 1 3 to 51 ; 

a nucleic acid sequence encoding a polypeptide comprising the amino acid 
sequence of SEQ ID NOs: 5 to 12; 

a nucleotide sequence which hybridizes to a nucteoBde sequence defined In 
any one of (a) to (g) or to «,e nudeoMe sequence of (h) and having a 
mutation as defined in any one of (a) to (f); and 

a nucleic add sequence being degenerate as a result of the genetic code to 
the nucleic add sequence as defined In (j). 



tt has surpnsingiy been tound that mutations in the P2X7R gene which encodes the 
ATP^aled »n channel P2X7R can cause «,e whole spectmm of affec«ve diso«lers 
S« deferent „ut3«ons in the S'UTR of the P2X7R gene, sex^n different mutations In 
axons 3. 5. 6. 8 and 13 of the P2X7R gene leading to an amino acid replacement of 
me o»respondlng amino acid In me wild-type sequence of P2X7R depicted in SEQ 
D NO: 3 or 4 and two mutations in axons 5 and 8 of said gene, respectively, teading 
toare^acemem of^a nucle^^^^^^ of nudeotides in 



exon 13 of said gene. 18 mutations In inirons 1. 3. 4. 5. 6. 7. B.'^.V^s 
mutatons ,n the 3-UTR o, the P2X7R gene have been identHied to co^eg«ga.e wi«, 
the affection status in 41 unrelated families affected with affective diso«iei« The 



term "affective disorder when used in tlie context of the present invention means to 
include, but is not limited to, depression, anxiety, unipolar disorder, bipolar disoreler 
type I, bipolar disorder type II, mania, attention deficit hyperactive disorder, 
substance abuse, and any other disorders affecting the nonnal behaviour, or mood of 
an individual. 

Each mutation causes alterations that can explain affective disorders as shown in the 
Examples hereinbeiow. 

P2X7R is an ATP-gated Ion channel belonging to the P2X ionotropic channel family. 
The gene was first isolated from rat brain (Surorenant et al.. (1996), 272, 735-738; 
Genbank accession number NM_019256) and subsequently from a human monocyte 
library (Rassendren et al., J. Biol. Chem. 272 (1997). 5482-5486; Genbank 
accession numbers NM_002562, Y09561) by virtue of its sequence homology with 
the other members of the P2X family. It was later found that P2X7R con-esponded to 
the unidentified P2Z receptor which mediates the penneabilising action of ATP on 
mast cells and macrophages (Dahlavist and Diamant. Acta Physiol. Scand. 34 
(1974), 368-384; Steinberg a nd Silverstein. J. Biol. Chem. 262 (1987), 3118-3122; 
Gordon, Biochem. J. 233 (1986). 309-319). The P2X7R has two hydrophobic 
membrane-spanning domains, an extracellular loop, and fomns transmembrane ion 
channels. P2X7 receptors seem to function only in homooligomeric fomi and bear a 
phamiacological profile markedly different from other P2X homo- or heteromeis 
(North and Surprenant Annual Rev. Pharmacology Toxicology 40 (2000). 563-580). 
P2X7R requires levels of ATP in excess of 1 mM to achieve activation, whereas other 
P2X receptors activate at ATP concentrations of <100 pM (Steinberg et al., J. Biol. 
Chem. 262 (1987), 8884-8888; Greenberg et al.. J. Biol. Chem. 263 (1988). 10337- 
10343) 32). While all P2X receptors demonstrate non-selective channel-like 
properties following ligation, the channels fomned by the P2X7R can rapidly transform 
into pores that can allow the passage of molecules of up to 900 Dalton (Viroinio et 
al., J. Physiol. 519 (1999), 335-346). 

P2X7R is expressed in hematopoietic cells, mast cells and macrophages (Surorenant 
et al.. Science 272 (1996). 3118-3122), where it is organized in tetrameric or 
hexameric fonn (Kjm et al., J. Biol. Chem. 276 (2001), 23262-23267). P2X7R is inter 
alia Involved in the regulation of the immune function and inflammatory response. 



as interleukin-IB (Sriffiflj, e, al J .IIT ^ °' '=^*"«^ ^ 

MSiaws et al., J. Immol. 154 (199S). 2821.?fl9fl\ ». 
macrophage polykarions (Ea^ et al J c ,„ J . 'Z^^*'' ^"<"°""at.on of 

Stln,ulalionoftheP2X7R.i;;;:iS, '207-1216). 
"1 um i-^^K vwth ATP can also result in cell daath h„ <w„ 

Tan^nembrene Ion fluxes (pa«cu,arty Influx o, Ca2 TJ^T, ! TTZ' ""^"^ 
and ihe fonnaflon of non-selective plasma n,. JT efflux of k *) 

Death Differ. 5 (1998). 191-199r """^ ^^^^ ^* 

In the (.rain. P2X7R was originally Miought to be restricted to mlr^r , ■ 
macrophage of the brain) and ependyma. cells raZ ^ ^ ''^^"'^ 

Neurophannacology 36 (I997) 127™ <^ ^ 

neu«x.egenere J HoweirP2X7R hll ' ' " 

.Btlna (gandia et al Cn Rr r, . '"^ "eu-ons of the 

' ^' Brain Research Molecular Brein Res. 62 (19981 inR.ino, 

cochlear ganglion cells (a^D^ „ al. Neu,„sclence 1^ ^3 9^^ ^2 
and presynaptic temiinals of neurons throuahout «.= h . 105-108), 
(BM. et a,.. Neurosci. 21 (2ori~7?52,^'l ^ 
suggest that P2X7R ,«gulates the release Jl I! 

and GABA in neu,»« of neurotransmitters such as glutamate 

O^nlsauonof P2X7Rt;^oi:dast,:^Teb;- 

(to e. a,.. Biol. Chen,. 276 (2001), 23^^, °' ^"'"^'^ 

00^29^^9660. WO 99/29661 w^Tni? ^' adamantane derivatives 

WOOI/44213T s^S^T^ WO00^61569. WOOIAigm WO01/4^i.n 

UU1/4471 . 3 ). substituted phenyl compounds (WQOQ^g) o^Z^iZ 

piperazine derivatives (WO 01/462nm or« ♦ . P'P®"**'"® and 

(oATP) acts »o "^^^^^^^^^^ antagonists of P2X7R while Oxidized ATP 

3-0-(4.benzoylbenzoyI)adenosine 5-triphosphate) acts ^^^"^ (2- and 

o iripnospnate) acts as agonist of P2X7R (North 



and Surorenant. Annu. Rev. Pharmacol. Toxicol. 40 (2000), 563-580). WO 99/55901 
describes a method for identifying compounds that modulate the activity of a 
mammalian purinoreceptor selected from the group consisting of P2X2, P2X3, P2X4, 
P2X5, P2X6 and P2X7 and suggests a role of said purinoreceptors in therapy of 
behavioural disorders such as epilepsy, depression and aging-associated 
degenerative diseases. 

Mutant mice lacking P2X7R are healthy, fertile and demonstrate no overt phenotype. 
However, in contrast to their wild-type counterparts, LPS-activated peritoneal 
macrophages from P2X7R'- animals fail to generate mature interleukin-m (IL-1IS) 
when challenged with ATP suggesting an inability of peritoneal macrophages to 
release IL-1 in response to ATP (Solle et al, J. Biol. Chem. 276 (2001), 125-132). A 
detailed behavioural study of the P2X7R-/- mice was not performed. In humans, a 
Glu-496 to Ala polymorphism leads to the loss of P2X7 function (Gu et ai., J. Biol. 
Chem. 276 (2001). 11135-11142) and is associated with B-cell chronic lymphocytic 
leukaemia (Thunberq, et al. The Lancet 360 (2002), 1936-1939). Additional 
polymorphs in the putative P2X7R promoter region, and coding region have been 
reported (U et al., FEBS Lett. 531 (2002), 127-131: EP 1199372V 
Despite the abundant literature concerning P2X7R, a role In affective disorders has 
never been suggested or alluded to in the prior art. 

Before the present invention is described In detail, it is to be understood that this 
invention is not limited to the particular methodology, protocols, cell lines, vectors, 
and reagente described herein as these may vary. It is also to be understood that the 
temninology used herein is for the purpose of describing particular embodiments only, 
and is not intended to limit the scope of the present invention which will be limited 
only by the appended claims. Unless defined othenwise, all technical and scientific 
terms used herein have the same meanings as commonly understood by one of 
ordinary skill in the art. 

Preferably, the temis used herein are defined as described in "A multilingual glossary 
of biotechnological tenns: (lUPAC Recommendations)", Leuenberoer. H.G.W, Nagel, 
B. and Kolbl, H. eds. (1995), Helvetica Chlmica Acta, CH-4010 Basel, Switzeriand), 
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Th^ughou^fhis specifioaaon and the claims which follow, unless the context requires 
o«,e™,se, the ^ -oompHse". and vartations such as -comprtses- and -compn^ 
w-li be understood to taply the Inclusion of a stated integer or step or g^p oi 

..e^e^^ or steps hut not the excuslonofany other integer or step or group .^intier 

8eve«l documents are cited throughout the text of this specmcation. Each of ttre 
cted herein (Including all patents, paten, applications, science 

p.b.,ca.ons. manufacturer's speafica«ons. instructions, etc.), whether supra or infra 
.ncorpo^ted by reference in their entirety. Nothing herein is to ^ 

c^^red as an admission that the invention Is not entiUed to antedate such 

disclosure by virtue of prior invention. • 

a . an . and the", include plumi leferants unless the context deaily Indicates 

d ffe^n. reagents, and reference to the method" indudas reterance to equivalent 
steps and memods known to those of cxiinary skill In «,e art that couk. be modffl J 
or substituted for the methods described heiBln. 

in accordance with the present inventk«. the tem, -nucleic acid sequence" means 
me s^nce Of bases comprising purine- and pyrimldine bases which are comprised 

nudeic aad molecule. Nucleic acid sequences include DNA. cDNA. genomic DNA 
R^. synO,e«c fom,s and mixed polyme.. both sense and antisense Inds. or Ty 

ztrzr^r - ^ - '^-^ 

When used herein, the tern, "polypeptide" means a peptide, a protein or a 
polypep«de which encompasses amino add diains of a given tength. wher;in me 

7ZrT-Tr ""'^ •^""^ P^-^^o-'-etics 

_qfsuch.pmte,ns/Rp!yBep.dd^^ 

""'"'^ ''^ -compassed by me inventon as we,, 
as omer man the 20 gane-encoded amino adds, sud, as seienocysteine. Peptides 
oligopeptides and proteins may be tem»d polypeptides. The temis polypeptide and 
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protein are often used interchangeably herein. The term polypeptide also refers to, 
and does not exclude, modifications of the polypeptide, e.g., glycosylation, 
acetylation, phosphorylation and the like. Such modifications are well described in 
basic texts and in more detailed monographs, as well as in a voluminous research 
literature. 

The temi "position" used in accordance with the present invention means the position 
of either an amino acid within an amino acid sequence depicted herein or the position 
of a nucleotide within a nucleic acid sequence depicted herein. 

The tenm "ATP-gated ion channel P2X7R", in accordance with this invention, denotes 
a polypeptide which can be classified as a member of the P2X ionotropic receptor 
family. They are also known as purinergic receptors. P2X receptors are ligand-gated 
ion channels. The ligand for these receptors may be ATP and/or another natural 
nucleotide such as ADP, UTP and UDP, or a synthetic nucleotide such as 2- 
methylthioATP. The criteria for the classification are: (1) a sequence homology that Is 
higher than 39% across the family or different species; (2) signal transduction 
mechanism involving ion conductance (Khakh et al., Phannacol Rev. 253 (2001), 
107-18). Accordingly, the terni "ATP-gated Ion channel P2X7R" is interchangeable 
with the terms "ionotropic receptor or "purineiglc receptor. Preferably, the temi 
"ATP-gated ion channel P2X7R" denotes a polypeptide which can be classified as an 
ATP-gated ion channel P2X7R on the basis of one or more stmctural and/or 
functional characteristics, preferably those described above. Structural characteristics 
refer to certain structural features which allow to classify a polypeptide as being a 
P2X7R protein. One such feature is the amino acid sequence. In ttie context of the 
present invention a polypeptide is classified as an ATP-gated ion channel P2X7R if it 
shows a certain degree of sequence identity over Its own length to the amino acid 
sequence of tfie human P2X7R protein depicted in SEQ ID NO: 3 or 4. This degree 
of sequence identity is at least 40%. more preferably at least 50%, even more 
preferably at least 60%, at least 70%, at least 80%, at least 90% or at least 95%. It is 
pariiculariy prefenred tiiat the degree of sequence identity is at least 65%. 
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Moreover, st,uch.,», characteristics of P2X7R p^teins a« hyd«>phobrc 
memb^pannlng domains, an exha cellular loop which could be analyzed by 

r'nT^r ™'''^° (1^3). 166) or TMHMM 

(!^ J MOI..B.O. 30S (2001). 567-580). Add.«o„a,ly, P2xrR may exis. as a singte 
polypeptide, as dlmer.tetramer or the like. as a single 

P2X7R protein if i, displays at teast one of the above-mentioned stnictural 
chaiacens^cs. Functional chafes refer to properties lelated to .he blologl.^ 
a^ of the P2X7R protein, in particular, P2xrR Is an ATP-gated Ion Zn^ 
w^ich allows caldun, and sodium ions to pass f^ ex,J„^3r s^l^, t 
in^cel uiar solution, and allows potassium Ions to pas, fi«n In-aoellu^ I 
extracellular solution. Moreover, the ATP-gated Ion channel P2X7R fom,s natuiaUy a 
homoo.igon.enc forni. The chaiactert^cs o, P2X7R receptor piotelns can be 
detemiined as mentioned hereN,below. The tem, "ATP-gated Ion channels P2X7R" 

T^r^Tnr" •^'^^ ^ '^■^-^ channels 

P2X7R. A functional ATP-gated Ion channel P2X7R is undeistood to be a P2X7R 

rjcaT^ " T °™ " "^^^"^ Characterise^ 
whK* can be measu^d by methods known In the art. A non-functional ATP-gated 
»n^nne, P2X7R is a protein which can be classl«ed as a P2X7R protein duet 
stmctural cha^cteristics as described above but whteh has tost a. leas, one 
IKeferably all. h^ndonai chaiacteristics of a P2X7R protein as described above Non^ 
^nctonalrty of *e P2X7R prCein can. e.g.. be detemilned by measuring whether 
«iaum and sodium Ions can flow into ceils or whether potassium k»,s can exit flom 
cells. Thus. It IS possible to detemiine the occurrence of a mute«on in «,e ATP-gated 

cans. Ce^^s harbouring a mutation in the P2X7R gene show an altered ion Influx 
and/or efHux in comparison to cells hartjouring a wild-type P2X7R protein 
Addraonally, there are dWeient methods «,a. could be used to datem,ine whefter tt,e 
_P2)gRjsluncfiOB9!5U3^^ ^ _ 

measunng the rate of ATP^nduced incon»,B«on of eftidium Into cells, e.g. cells 
isolated from an Individual. Ettiidium is inc„rpo.a.ed Into the cells through P2X7R 
pores. When the pore fom,a«on is ac.iva.ed by ATP. Cells are then incubated with or 
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Without ATP in the presence of ethidium, then they are analyzed by flow cytometry. 
Ethidium fluorescence is measured and compared in the presence or absence of 
ATP. If the P2X7R has lower activity, the ethidium fluorescence induced by ATP will 
be lower than in control cells. Such a method was used to verify P2X7R activity In 
isolated B-lymphocytes and T-lymphocytes from leukaemia patients fWilev et al., 
Lancet 359 (2002), 1114-1119). Briefly, isolated cells are incubated In 1 ml of Hepes 
buffered potassium chloride at 37"C with continuous stim'ng. Ethidium is then added 
at a concentration of 25 mol/l, followed 40 seconds later by the addition of 10 pl of 
100 mmol/l ATP stock. Cells are analyzed at 1,000 events/s by flow cytometry using 
a Coulter Elite flow cytometer (Coulter, Hialeah, FL) with argon laser excitation at 488 
nm. Fluorescent emission was collected using a 590-nm long-pass filter. The linear 
mean channel fluorescence intensity for each gated subpopulation over successive 
5-s intervals was analyzed with the use of Win-MDI software (Joseph Trotter, version 
2.7) and plotted against time. 

Another method of determining P2X7R activity is to measure calcium entry into 
isolated cells incubated with fluorescent dyes that emit only upon binding to calcium.. 
The cells have to be loaded with the dye and then the calcium entry has to be 
stimulated. Examples of such dyes Include Fura-2. Calcium green, calcium orange, 
calcium crimson (all available flrom Molecular Probes). Methods of measuring calcium 
transport are well known In the art; see for example, Takahashi et al., Physiol Rev. 
79 (1999), 1089-1125. Furthemiore, calcium entry into the cells produces changes in 
the membrane electric potential. This changes can be measured by 
electrophysiology (patch damp) or by using dyes which are sensitive to voltage 
change. Such methods are also well known In the art, see for example. Gonzalez et 
al., DDT 4 (1999), 431-439; Gonzalez and Tsien. Chemistry & Biology 4 (1997). 269- 
277; Gonzalez and Tsien . Biophysical Journal 69 (1995). 1272-1280. 
Yet another method is to measure uptake of 133Ba21. Ba21 is a good surrogate for 
Ca21 and orice inside the cell is neither pumped nor sequestered by transport 
ATPases. Ba21 uptake can be measured over 60 s using 133BaCI2 (final 
concentration, 0.2 mM). At time 0, a prewarmed stock solution of 133Ba21 (0.4 mM 
and 1 pCi/ml) is added in equal volumes to prewarmed isolated cells in 150 mM KCI 
with HEPES (pH 7.4) at 37'*C. ATP (1 mM) is added either 10 minutes before or 
simultaneously with the 133Ba21 isotope. Aliquots of 0.8 ml are taken at time points 
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between 0 and 60 s and are immediately mixed witl, 0.2 ml of lce<»ld 50 mM MgCI2 
On KCI-HEPES medium) tl»t t«d been previously layered over 250 pi of oil mixture 
(d.n.butyl phthalate and dHso^o^^ phthalate. 7:3 volA«,l) and tt,en centrifuged at 
8.000 g for 30 s. The supematants and the oil are. aspirated, and the ceil pellets are 
counted in a Wallac Wizard 3 automatio gamma^unter or in any other suitable 
gamma measuring unit 

The present Invention is based on the finding that mutations of dtfferent kinds in the 
P2X7R gene are linked to the occurrence of affective disorders. The first type of 
mutations are mutations In the S'UTR. Examples of such mutations are single 
nucIeot.de replacements at positions corresponding to positions 362. 532 1100 

olf J ""^^ °'' °^ '^^"^"^^ ^'^-*yP« ATP-gated Ion channel 

P2X7R as described in SEQ ID NO: 1. 

The position with respect to nucleotide sequences mentioned hemin refer to the 
sequence shown in SEQ ID NO: 1. This sequence represents the nucleic add 
sequence of the P2X7R gene encoding the ATP^^ated ion channel P2X7R 1, is 
possible for the sldlled person to identify the position In the genomic sequence 
o«respondi„g to a position m SEQ ID NO: 1 by aligning the sequences. IVIoreover 
the exact locations of the exons and introns are Indicated in SEQ ID NO- 1 
herelnbelow. Additionally, the person skilled In the art Is able to identify exons and 
introns of the P2X7R gene by compaHng SEQ ID NO: 1 with SEQ ID NO- 2 which 
shows the cDNA sequence of the P2X7R gene. 

Preferably, at position 362 in the S'UTR of the genomic sequence of the P2XrR gene 
depicted In SEQ ID NO: 1 a thymine (T) is replaced by another nucleotide, preferebly 
a punne base. More preferably, at said position said thymidine is replaced by a 
pyrimidine base, ParBculady prefen«d. said thymine Is replaced by a cytosine (C). 

A^^Jl5324nJhe5'ia5.gLthege^ 

SEQ ID NO: 1 a thymine (T) is preferably replaced by another nucteotide. preferebly 
a pyrimidine base. More .seferebiy, at said position said thymine is replaced by a 
punne base. Particularly prefen«d, said thymidine Is replaced by a guanine (G) 
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The adenine (A) residues at positions 1100 and 1122, respectively, In the 6'UTR of 
tine genomic sequence of the P2X7R gene is preferably replaced by a pyrimidine 
base. IVIore preferably, said adenine is replaced by a purine base and particularly 
preferred said adenine is replaced by a guanine (G). 

At position 1 171 in the 5'UTR of the genomic sequence of the P2X7R gene depicted 
In SEQ ID NO: 1 a cytidine (C) is replaced by another nucleotide, preferably by a 
pyrimidine base. More preferably, said cytidine is replaced by a purine base and 
even more preferred, said cytidine is replaced by a guanine (G). 

The guanine at position 1702 in \he 5'UTR of the genomic sequence of the gene 
P2X7R depicted in SEQ ID NO: 1 is replaced by another nucleotide, preferably by a 
pyrimidine base. More preferably, said guanine is replaced by a purine base and 
particulariy preferred it is replaced by an adenine (A). 

A second type of mutation found in the P2X7R gene are mutations in exons which 
lead to amino acid substitutions in the corresponding amino acid sequence. These 
are the mutations listed under item (b), supra. In this context, the term "an amino acid 
residue as indicated in column 'Amino acid residue' of Table A corresponding to 
position X of ttie wild-type ATP-gated ion channel P2X7R as depicted in column 
'Position in wild-type' " has tiie following meaning: The amino acid residue in questa'on 
would be located at position X in the sequence of SEQ ID NO: 3 or 4 if the sequence 
in which said amino add residue occurs is compared and aligned with the amino acid 
sequence of SEQ ID NO: 3 or 4. The amino add sequence shown in SEQ ID NO: 3 
or 4 is the amino acid sequence of the human P2X7R gene and is used as a 
reference sequence in the present invention. 

In order to determine whether an amino acid residue or nucleotide residue in a given 
P2X7R sequence corresponds to a certain position in the amino acid sequence or 
nucleotide sequence of SEQ ID NO: 1, 3 or 4. the skilled person can use means and 
methods well-known in the art, e.g., alignments, either manually or by using 
computer programs such as those mentioned further down below in connection with 
the definition of the term "hybridization" and degrees of homology. 



16 



(^m. Nuc. Acds Res. 25 (1997). 3389^02; fitehyL J. Mol. Evol 36 (1993, 
290-300; ^ j. moI. Btol. 215 (1990). 403-410). can be used to 

an.no acri se<^nces to detem„ne sequence similarity. Because of the lolli 

or .n Kienwyng similar sequences. The fundamental unit of BLAST ato!^!! 
ou^' H^H-«„Hn, Seamen. Pair (HSP, An HSP con.3.3 

The BLAST approach .s to look for HSPs between a query sequence and a 
database sequence, to evaluate .he staBs«ca. significance of Jy matoheT,!! 
and to report only mose matches which satls^ the user-eeleL ^shL^ 

reporting database sequence matehes. E is inten^-eted as the upper bound of Z 
expected f^quency of chance occun«nce of an HSP (or se. oZpTZ^ Z 
context Of the em,™ database sea„:h. Any database sequenri^ 
satefies E is reported in the program output 

(1993). loc. cit. (1990). loc. cit.) are used to search for identicar or^^ 

festar*an muifcple membran^based hybridiza«ons. In addWon. .he senslflvHy of the 
»mputar sea,.h can be modffled to detem,ine whether any particular maj.^ 

%sequenoe identity v rr,^^^i mum Ri a«t .^r^ 

100 

me^!nq,h err""""' "^'"^ - and 

the length cf the sequence match. For example, with a product score of 40 the 

molecules are usually identified by setecUng tt»se which show p^duc s^^ 
between IS and 40. although lower scores may identify related molecutes 
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As mentioned above, the second group of mutations identified in the P2X7R gene 
are mutations In the exons of the P2X7R gene which lead to amino acid 
substitutions. In this respect SEQ ID NO 2 shows the cDNA sequence of the P2X7R 
gene. In exon 3 at position 117 of the corresponding wild-type amino acid sequence 
of P2X7R depicted in SEQ ID NO: 3 or 4 an arginine (R) residue is replaced by 
another amino add residue, preferably by an aliphatic, addle or basic amino acid 
residue. More preferably, by an aromatic amino add residue which is particularly 
prefen-ed to be a tryptophane (W). The resulting polypeptide is shown in SEQ ID NO: 
5. 

In exon 5 at position 150 of the wild-type amino acid sequence of P2X7R depicted in 
SEQ ID NO: 3 or 4 a glydne (G) residue is replaced by another amino acid residue, 
preferably by an aliphatic, aromatic or acidic amino acid residue. IVIore preferably, by 
a basic amino acid residue and particularly preferred by an arginine (R). The 
resulting polypeptide is shown in SEQ ID NO: 6. 

At position 186 in exon 6 of the wild-type amino acid sequence of P2X7R depicted in 
SEQ ID NO: 3 or 4 a glutamate residue (E) is replaced by another amino acid 
residue, preferably by an aliphatic, aromatic or acidic amino add residue. More 
preferably, said glutamate Is replaced by a basic amino add residue which is 
partlculariy prefen-ed a lysine (K). The resulting polypeptide is shown in SEQ ID NO: 
7. 

In exon 6 of the wild-type amino acid sequence of P2X7R depicted in SEQ ID NO: 3 
or 4 at position 191 a leudne residue (L) is replaced by another amino acid residue. 
Said amino add residue is preferably an aliphatic, addle or basic amino acid residue. 
More preferably, said amino acid residue Is an aromatic amino acid residue which is 
particularly preferred to be a proline (P). The resulting polypeptide is shown in SEQ 
ID NO: 8. 

In exon 8 of the wild-type amino acid sequence of P2X7R depicted in SEQ ID NO: 3 
or 4 at position 270 an arginine residue (R) is replaced by another amino acid 
residue. Said amino acid residue is preferably an aromatic, acidic or basic amino acid 
residue. More preferably, said amino add residue is an aliphatic amino acid residue 
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Which IS particularly preferred to be a cvsteine (r^ 

»i, . rs-^ « w» *a cysteine (C). The resulting po VDeDtide ie 

shown in SEQ ID NO: 9. Kwypepaae is 

am.no sod ,«s,due. Even mo^ preten^d. said isoleudne Is ^placed by an a«Sc 
am.„o 3CK. «s«ue which is particuiariy prefe^ed to be an aspa.gLr(N -^e 
resulting polypepBde is shown in SEQ ID NO: 10. 

ld!e said? !. " -'no^^l 
residue. sa,d amino acd residue is preferably an a™ma«c, acidic or basic amino add 

Pre.^d i. is a giueamine ,Q, ™sidue. The resu,«ng 



« IS envisaged that the above-mentioned mutations In the exons of the P2X7R oene 
occur due to point mutaticns caused by, e.g. chemica, and/or ph^ Jmeanror 
inaccuracy of the replication complex followed by a failure of me ™on 
mach-neo, of a cell, a change of a single codon occur can be achievL 
types o, point mutations are trensitions, i.e. change o, a punne or pyHmidine >Zt 
anomer purine or pynmidine base, e.g. adenine to guanine or thymid.„rto STsTe 
or ^.nsverelons, i.e. change of a pudne or pyHmidine base f6r another p^^eT 

mutatKM, can also be caused by Insertion or delefion of one or more nucleoJes. 

The mutauons leading to the replacement of the amino adds , as menfi^- . 
herernabove and hereinbelow are indicated in Table 1 hereinbelow. 



The ftirxi g„,up of mutations in the P2X7R gene has been Mentmed to be in exoil 5 
"ead to ammo acd changes. In particular, at position 32548 in axon 5 of the vvild-type 
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genomic sequence P2X7R gene depicted in SEQ ID NO: 1 a cytidine residue is 
replaced by another nucleotide. Said nucleotide is preferably a pyrimidine base and 
particularly prefen^ed a thymine. The exchange of the cytidine residue at position 
32548 in exon 5 of the P2X7R gene by another nucleotide preferably does not lead 
to the replacement of the amino acid cysteine by another amino acid residue. 

In exon 8 of the wild-type P2X7R gene depicted in SEQ ID NO: 1 at position 37633 a 
.cytidine residue is replaced by another nucleotide residue. Said nucleotide residue is 
preferably a pyrimidine base and partlculariy prefen^d thymine. Due to this 
replacement the amino add aspartate (D) encoded by the respective codon in which 
at position 37633 a replacement has taken place is preferably not replaced by 
another amino acid residue. 

The above-mentioned mutations in axons 5 and 8 at positions 32548 and 37633, 
respectively, of the wild-type P2X7R gene depicted in SEQ ID NO:1 are mutations at 
the third position of a triplet codon, i.e. at the wobble base, which lead to so-called 
silent mutations. Silent mutations do normally not lead to a change of the amino acid 
due to the degeneracy of the genetic code, i.e. 64 triplets encode at all 20 naturally 
occurring amino acids. However, said silent mutations lead to a change in the codon 
encoding its respective amino acids insofar that the newly generated codon may not 
fit so well into the codon usage of an organism. Namely, the newly generated codon 
is not translated by the ribosome with the same efRciency as the "old" codon. This 
may lead to InsufHcient amounts of the corresponding polypeptide causing an distinct 
phenotype. 

The fourth group of mutations in the P2X7R gene described hereinabove in item (d) 
is a deletion of 7 amino acids conresponding to positions 488 to 494 of the wild-type 
P2X7R amino acid sequence as depicted In SEQ ID NO: 3 or 4. Thus, the present 
invention also relates to nucleic acid sequences encoding a P2X7R protein in which 
amino acids con-esponding to positions 488 to 494 of the wild-type ATP-gated ion 
channel P2X7R as depicted in SEQ ID NO: 3 or 4 are deleted. This means, 
according to the present invention, that a fragment encompassing amino acid 
positions 488 to 494 of the con-esponding wild-type amino acid sequence depicted in 
SEQ ID NO: 3 or 4 is deleted which results in a shortened polypeptide. An example 
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for such a shortened polypeptide is depicted In SEQ ID NO- 1 1 Th!« k..^ * . 
P2X7R. In the present invention the deletion of a fmnmo„» 

. *e reso,, of a de.e«on .„ exon 13. The ^m, p..e,„ dep,o,ed ,„ SEQ ^No t 

detLT'.To'.n''' '° "^^"""^'"^ '"'^ add ^ 

depicted ,n SEQ ,D NO: 3 or 4 such .ha. amino acid posiHon 494 of tt.a d^ 

tt.e w.W-.ype amino add sequence depiCed in SEQ ,D NO: 3 or 4. Pr^e^Z 

etlarnorr" " '~ ^ ^^^^^ 

exa^y am.no acds corresponding to posi«ons 488 to 494 of SEQ ID NO: 3 or 4 a.B 
de.e.ed However, also mu,an.s are comprised in which ei«,er more or iess am^ 
ac.ds w.m,n «,e P2X7R amino acid sequence set fo«, in SEQ 10 NO- 3 oTmav 
s,e.ed due to. for exampie, atypica. s^icin. or dete«c„ o, nucieottd^ 3^^^ 
aod mo^c^ie encoding P2X7R or w™„g posmans,a«ona. p.ocesses. as iong aste 
P2X7R ATP.ga.ed ,on cha™,e. is noMuncacnai. For example, i. is also possL .^a^ 
further amino adds preceding amino acid posidon 488 or amino acids^I^H 
aminoac«pos.on494mayhedeie.edor««..essam,noaddsr^^^^^ 
2^ a« -s. one. more preferably a. teas. *vo. even more pr.fe^,y a, leas. 
^ and mos. preferably a, leas. S amino add residues are ft.r.her dete.^ 
upsh^am from *, position oon«sponding to amino add r^idue 488 TZ 
d««ns.r«am of «» posl«on co,^po™.,ng to amino add residua 494 of SEQ 10 NO 



However i. is preferred ,ha. no. more tt,an 20. preferably no. mor« man IS even 
more preferably no. mo. .han 10 and mos. prefe^bV no. more man tZIL Z 

:^r48Tors :'r "^^^ " - ^ 



_An.^mtLgtpup^_jp^^^ 

NO 1 sa,d mutetons in said in.,ons are poin. mutattons as shown in Table B 
herernabove and in Table 1. hereinbelow. 
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At the respective position indicated in the column "Position in wild-type" in Table B or 
indicated In the column "Polymorphism" in Table 1 the position of the nucleotide 
residue in the respective Intron which Is replaced by another nucleotide residue is 
shown. Accordingly, the tenn "a nucleotide as indicated In column "Intron" of the 
Table B oonresponding to the position as indicated in column "Replaced nucleotide" 
of Table B connesponding to the position as Indicated in column "Position in wild-type" 
of Table B is replaced by another nucleotide means that a nucleotide residue In a 
P2X7R encoding sequence would be located at position Y In SEQ ID NO: 1 when the 
P2X7R sequence Is compared and aligned with the sequence of SEQ ID NO: 1. 
If the nucleotide at the respective position is a purine base such as adenine or 
guanine It Is preferred that due to a transition it is replaced by another purine base. 
For example, an adenine is replaced by a guanine or a guanine Is replaced by an 
adenine. If the nucleotide at the respective position is a pyrimldine base it is prefen-ed 
that due to a transition It is replaced by another pyrimldine base. For example, 
thymine is replaced by a cytidlne and a cytidlne is replaced by a thymine. 

It is also preferred that due to a transversion a purine base Is replaced by a 
pyrimldine base or vice versa. For example, an adenine Is replaced by a thymine and 
a guanine is replaced by a cytidlne. Partlculariy preferred, said nucleotide in Introns 
1, 3, 4, 5. 6, 7, 9, 11 or 12 of tine P2X7R gene depicted In SEQ ID NO: 1 is replaced 
by the nucleotide depicted In column "Polymorphism" of Table 1 . hereinbelow. 

A last group of mutations ttiat has been Identified relates to mutations which reside in 
tfie 3'UTR of ttie wild-type P2X7R gene depicted In SEQ ID NO: 1. The mutations 
were found at positions 54925, 55169, 55170, 55171 or 55917 respectively, of the 
wild-type P2X7R gene depicted In SEQ ID NO: 1. 

At position 54925 a guanine residue was found to be replaced by another nucleotide. 
Preferably, said guanine residue is replaced by a pyrimldine base, more preferably 
by a purine base and particulariy prefenred by an adenine. 
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A. posmon 55,69 a c^dlne residue Is re^ by anofter nudeoflde. p,«,erab,y by 
«,ne base. M«e p^b,y. « ,s ™p,aced by a pu.ne base and paZ 
prefenred, It is replaced by an adenine paraouiany 
A. positions 55170 and 55171 an adenine residue is replaced by another nudeoflde 

iti r " " '""^ -^tt 

^Pteoed by a cy^dine residue, it was also found .bat a. posiflon 55917 a Cine 
res^ e ,s replaced by another nudeoflde. Preferebiy. said nudeoflde residue t a 
punne base, more preferebiy a pyrimidine base and parflculady prefereble a mymi^ 

As is evident from a,e above, not all idenflfied mutafions are located In e«»,s or lead 
o u I K, the 3 UTR or in introns. 

it known that pdymcphlsms in premoter and enhancer regions can affect gene 
^nd»n by modulaflng ,renscdp«on. parflculady , «,ey are situated a. rec^ni 1 

Z T P-sen. invention means singte 

nudeoflde subsfltuflon, nudeoflde Inserflon and nudeoflde deleflon which in the" se 
o^2;ton and deleflon Indudes Inserflon or deleflon of one or more nuCeofl^ra 
P-*on of a gene and conesponding aitereflons in expressed preteTr^s 
Polymorph^ms in fl,e 5- untrenslated region (5 UTR, of gen^ can 
«fficency with which proteins are translated, A representaflve e^fZ.Z 
me cmyc gene where a CG SNP that creates an interna. Hbosome entry site I 
ass^ated ^„ increased effldency of .myc flanslaflon and myetoma « 
oncogene 19 (2000), 4437^,. Polymorphisms in fl,e 3-UTR can^^r,e 
n^ncflon by altering tt,e secondary stnicture of RNA and efndency of trensiaflon o" 
effacing moflfs in fl,e RNA «,a..bind pretelns whid, regulate rma degredalt' 
Polymorphisms within introns can affed gene funcflon by alTeding RN^ splidna' 
^ingJ4.^™,p^de.^er^y^^^^^^^^^ 

ct ln Tilt '^'^'^ ^ ■'■^ 1 ""he COLIAI gene (Manaet al J 
Clin, invest 107 (2001). 899-907) and a repeat polymorphisms wifl^riire ,L-1^' 
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gene (Keen et al.. Bone 23 (1998), 367-371). Further examples between Intronic 
SNPs and gene function are described in Caceres and Komblihtt. Trends Genet. 4 
(2002), 186-93. Example 4 on page 52. line 30 to page 53, line 61 of the text 
describes potential alternative splicing events and aben^nt protein production 
associated with three SNPs disclosed in the application. 

The nucleic add sequences described hereinabove may comprise at least 56580 
nucleotides, preferably at least 10000 nucleotides, at least 5000 nucleotides, at least 
1000 nucleotides, at least 500 nucleotides, at least 100 nucleotides. More preferably, 
said nucleic acid sequences comprise at least 50 nucleotides and particulariy 
prefenred they comprise at least 20 or 21 nucleotides comprising the mutations or 
deletions as described hereinabove. Most preferably such a nucleic acid sequence 
has a sequence as depicted in any one of SEQ ID NOs: 13 to 51 . 

The nucleic acid sequences described hereinabove which comprise mutations in 
exons leading to a replacement of the corresponding amino acid sequence of the 
P2X7R wild-type polypeptide depicted in SEQ ID NO: 3 or 4 encode polypeptides 
shown in SEQ ID NOs: 5 to 10 and 12 

Additionally, ttie nucleic acid sequences described hereinabove which comprise a 
deletion leading to a tiuncated polypeptide in comparison to the full-length 
polypeptide of ttie wild-type P2X7R polypeptide shown in SEQ ID NO: 3 or 4 is 
shown in SEQ ID NO: 1 1 . 



The present invention also relates to nucleic acid molecules which hybridize to one of 
the above described nucleic acid molecules and which shows a mutation as 
described hereinabove. 

The temn "hybridizes" as used In accordance with the present invention may relate to 
hybridizations under shingent or non-stiingent conditions. If not further specified, the 
conditions are preferably non-stringent. Said hybridization conditions may be 
established according to conventional protocols described, for example, in 
Sambrook. Russell . "Molecular Cloning, A Laboratory Manual". Cold Spring Harbor 
Laboratory. N.Y. (2001); Ausubej. "Cun-ent Protocols in Molecular Biology", Green 
Publishing Associates and Wiley Interecience. N.Y. (1989), or Hiaains and Hama« 
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(Eds.) "Nuolete acid hybndization. s poetical appraach" IRL Pwss Oxford 
Washington DC, (, The sa«ng C condOons ,s weH w«H,„ ZJ^7LZ2 
and can be detem„ned accon^lng to protocols described ,n me art Thus 1 
detocuon o, only specmcafly hybr,di.na sec^.ences w,„ us.3„y " 
hW.r<d,za«on and washing condl«ons such as O.lxSSC. 0.1% SDS '""s-C In 
swngen. hybddlzaaon condlBons for 0,e detecHon of homologous or no. ex^I 
oomplementan, sequences may be se, at 6XSSC, 1%SDSat6S«C AslsweLT^ 
«« length o, .He p„be end the con,posl«on o, the nucleic add .^Js II:^- 
cons«u.e ft.rther pa,«ne.e. o, «,e hybndization condl«ons. Note «,a. ^JZX 

of altomate blocking reagents used to suppress backg^und In hybddiza^" 
expenmento. Typical btocking ,«agents include Oenha-dTs ,«agen.. BL^o 
he^nn denatored salmon spem, DNA, and co»„e.o,a„y available p^ZJ 

Iddt T '^'^ ""^ ^ «»"P3«blllty. 

Hybnd,.ng nucle,c add molecutes also ,»n,prtse ftagments of «,e above described 

nont T T.^'^ ""^ '^'^ ^ >^ -^^l 

and Which have a lengm of a. leas. 12 nucleotides, preferably a. leas. 15 m™J 

leas. 30 nudeotdes. even mo« preferably a. leas. 40 nudeofides and most 
^ a. .eas. 60 nudeo«des. Furthenncre, nudeic acid molecules 
Itl r 7 " add molecules also indude 

ZTT ^JT"'"- '"^^ ^"^ ^^"-"^ o' -lecuies 

r " '° ^ ™«'e'c acid 

aTcT ' "°" comptementary G 

and C bases and between complementao, A and T bases; these hydn,gen bonds 
may be ftirmer stabilized by base stad<ing inte^dions. The.^„ lp,emer 
nude,c aad sequences hydrogen bond in an anMparallel configuraflon A 

^j^oa^5!P4x__m^ie.fonn^^i,^^^ 

be^veen one nudeic add sequence present in solution and anofter nudeio acW 
sequence .mmobilized on a solid supper, (e.g.. membranes, filters. d,ips. pins or 
glass slrdes to whid,. e.g.. cells, have been fixed). The tem» complement or 
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complementarity refer to the natural binding of polynucleoticles under pemilsslve salt 
and temperature conditions by base-pairing. For example, the sequence "A-G-T" 
binds to the complementary sequence "T-C-A". Complementarity between two single- 
stranded molecules may be "partial", in which only some of the nucleic acids bind, or 
it may be complete when total complementarity exists between single-stranded 
molecules. The degree of oomplementarlity between nucleic acid strands has 
significant effects on the efficiency and strength of hybridization between nucleic acid 
strands. This is of particular importance In amplification reactions, which depend 
upon binding between nudeic acids strands. 

The temi "hybridizing sequences" preferably refers to sequences which display a 
sequence-identity of at least 40%. preferably at least 50%. more preferably at least 
60%. even more preferably at least 70%. particulariy preferred at least 80%, more 
particulariy prefen-ed at least 90%. even more particulariy prefen-ed at least 95% and 
most preferably at least 97% identity with a nucleic acid sequence as described 
above encoding a P2X7R protein having a described mutation. Moreover, the term 
"hybridizing sequences" preferably refers to sequences encoding a P2X7R protein 
having a sequence Identity of at least 40%, preferably at least 50%. more preferably 
at least 60%. even more preferably at least 70%, particulariy preferred at least 80%, 
more particulariy preferred at least 90%, even more particulariy preferred at least 
95% and most preferably at least 97% identity witii an amino acid sequence of a 
P2X7R mutant as described herein above. 

In accordance with the present Invention, the temi "identical" or "percent Identity" In 
flie context of two or more nucleic acid or amino acid sequences, refers to two or 
more sequences or subsequences that are ttie same, or that have a specified 
percentage of amino acid residues or nucleotides that are ttie same (e.g., 60% or 
65% identity, preferably. 70-95% identity, more preferably at least 95% identity), 
when compared and aligned for maximum correspondence over a window of 
comparison, or over a designated region as measured using a sequence comparison 
algorithm as known In the art, or by manual alignment and visual inspection. 
Sequences having, for example. 60% to 95% or greater sequence identity are 
considered to be substantially identical. Such a definition also applies to ttie 
complement of a test sequence. Preferably the described identity exists over a region 
ttiat is at least about 15 to 25 amino acids or nucleotides In lengtti. more preferably. 
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over a region U,a. Is about 50 to 100 amino adds or nuoleoUdes in lengtt, Those 
havng ski« in «,e art wii, Know how ,o de.em.ine pe,^„. ,.en«y i^JeH" 
^quences us.ng. for exampie, aigomhms such as «x,se based on CLUStTlw 
^mputer prog^m CBm^ Nud. Adds Res. 2 (1994), 4673^80) or FASTOB 
(BQdiig Comp. App. Biosd. 6 (1990), 237-245), as known in fl,e art 
AMhough FASTDB algomhm typicaiiy does no. consider in.emal non.™,d„ng 
deie.ons or addMons in sequences, i.e.. gaps, in its ca,cu.a«on, «„s can be rn^' 
manualiy to avdd an overes«ma«on of .he % iden«.y. CLUSTALW. howel^ 
^ke sequence gaps into aca,un. in i.s idenfl.y caicuia«ons. Also availabteT^e 
hav.,^ sKiii in u,is art are me BLAST and BLAST 2.0 algomhms (fij^^.^ ^ 
Re. 25 977), 3389-3402). The BLASTN p„^m for nudeic at^e„l^ 
as defauiU a word length (W) of 11. an expecteBon (E) of 10, M=5 
co^partson of bo«, s..nds. Por amino add sequences. «,e Bl^TP 
as defaufe a word.ength .(W) C 3. and an expectaSon (E) of 10. The BLO^U^a 
sconng ma«x p^. ,3,. ^ 3^ (1989). 109^) us s 

^nmen. (B) of 50. expecta«on (E) of ,0, M^. N=4. and a Jpa. J i, Z 



1^ T""^ '^'^ ^^0-"- above^leLbed 

b«^ degenemto as a resul, of the gene«c code" means .ha. due to me »dundan" 
Of me gene^c code dHferen. nudeo.ide sequences code for me same amino add. 

mZrr '° "^'^ '"■^ «-PHse one or 

more of me aboveKlescribed mutaUons or deietons. 

IlTanisT «» *e inven«on may be dertved ftom any 

o^an,sm encod.ng conesponding P2X7R ATP-gated ion channels. For exampie 
^^Ja,>fflP-^,ated^jfflLcb«m^ 
e«, ra. (see. (1996, loc dt, mouse (Oenban. AcceLn No'. Z 

489297). xenopus (Genbank Accession No. AJ 345114), d,ioken (GenbanK 
Access,on No. BM 491404) or Bos Taums (Genbank Accession No. AF 083073) „ 
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a preferred embodiment the nucleic acid molecule of the Invention Is derived from a 
vertebrate, preferably from a mammal, even more preferably the nucleic acid 
molecule Is derived from rabbit or guinea pig, and most preferably the nucleic acid is 
derived from mouse, rat or human. 

The nucleic acid molecule according to the invention may be any type of nucleic add, 
e.g. DNA, RNA or PNA (peptide nucleic add). 

For the purposes of the present Invention, a peptide nucleic acid (PNA) is a 
polyamlde type of DNA analog and the monomeric units for adenine, guanine, 
thymine and cytosine are available commercially (Perceptive Biosystems). Certain 
components of DNA, such, as phosphorus, phosphoms oxides, or deoxyribose 
derivatives, are not present in PNAs. As disclosed by Nielsen et al.. Science 
254:1497 (1991); and Eghoim et al.. Nature 365:666 (1993), PNAs bind specifically 
and tightly to complementary DNA strands and are not degraded by nucleases. In 
fact. PNA binds more strongly to DNA than DNA Itself does. This is probably because 
there is no electrostatic repulsion between the two strands, and also the polyamide 
backbone is more flexible. Because of this. PNA/DNA duplexes bind under a wider 
range of stringency conditions than DNA/DNA duplexes, making it easier to perform 
multiplex hybridization. Smaller probes can be used than with DNA due to the strong 
binding. In addition. It is more likely that single base mismatches can be detennined 
with PNA/DNA hybridization because a single mismatch in a PNA/DNA 15-mer 
lowers the melting point (T.sub.m) by 8"-20" C, vs. 4"'-16' C for the DNA/DNA 15-mer 
duplex. Also, the absence of charge groups In PNA means that hybridization can be 
done at low ionic strengths and reduce possible Interference by salt during the 
analysis. 

The DNA may, for example, be cDNA. In a prefenred embodiment it is a genomic 
DNA. The RNA may be, e.g., mRNA. The nucleic acid molecule may be natural, 
synthetic or semisynthetic or it mayibe a derivative, such as peptide nucleic acid 
(Nielsen. Sdence 254 (1991), 1497-1500) or phosphorothioates. Furthemiore, the 
nucleic acid molecule may be a recombinantly produced chimeric nudeic acid 
molecule comprising any of the aforementioned nucleic add molecules either alone 
or in combination. 



28 



Preferably, the nucleic ecW molecule of the presen, Im/ention is part of a vector 
Therefore, (he pre8er>t invenflon relates in another eml»diment to a vector 
comprising the nucleic add molecule of this Invention. Such a vector may be e g a 
Plasmld. cosmld. vims, bacteriophage or another vector used e.g. conventionally'in 
genetic engineertng. and may comprise further genes such as ma*er genes which 
allow for the selection of said vector In a suitable host cell and under suitable 



The nucleic acid molecules of the present Invention may be Inserted into several 
commercially available vectors. Nonlimlting examples Include plasmid vectora 
compatible with mammalian cells, such as pUC. pBiuascnpt (Stratagene). pET 
Novagen). pREP (invitrogen). pCRTopo (Invitrogen), pcDNA3 Onvitrogen). pCEP4 
(lnv*ogen). pMCI neo (Stratagene). pXTI (Stratagene). pSG5 (Stratagene). EBO- 
pSV2neo. pBPV-l. pdBPVMMTneo. pRSVgpt pRSVneo. pSV2K,hfr. pUCTag 
PIZD35. pLXIN and pSIR (Clontech) and piRES^GFP (Clontech). Baculovinfs 
vectors such as pBlueBac. BacPacz Bacuiovinis Exprassion System (CLONTECH) 
and iWaxBacTM Baculovlois Expression System, msec, cells and protocols 
Onv-trogen) ara available commercially and may also be used to produce high yields 
of biologically active protein, (see also. mSL (1993). Curr. Op. Genet Dev 3 9- 
O'Reilly. Baculovin« Expression Vectors: A Uboratory Manual, p. 127). In addiUon" 
prokaryoBc vectors such as pcDNA2; and yeast vectors such as pYes2 ara 
nonlimlting examples of other vectois suitable for use with the present invention For 
vector modification techniques, see Sambrnn. .hh (2001). loc. dt. Vectors 

can contain one or more replication and inheritance systems for cloning or 
expression, one or more mariners for selection in the host. e. g.. antibiotic rasistance 
and one or more expression cassettes. 

The coding sequences inserted in the vector can be synthesized by standaid 
methods, isolated from natural sources, or prapared as hybrids. Ligation of the 

~»S,.-S4au^cfts_to^6an^rij!S«aLj^^^ 

enhancers, and/or insulators) and/or to other amino acid encoding sequences can be ' 
earned out using established methods. 
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Furthermore, the vectors may, in addition to the nucleic acid sequences of the 
invention, comprise expression control elements, allowing proper expression of the 
coding regions in suitable hosts. Such control elements are known to the artisan and 
may Include a promoter, translation Initiation codon. translation and insertion site or 
Internal ribosomal entry sites (IRES) (Owens. Proc. Natl. Acad. Sd. USA 98 (2001). 
1471-1476) for introducing an insert Into the vector. Preferably, the nucleic acid 
molecule of the Invention is operatively linked to said expression control sequences 
allowing expression In eukaryotic or prokaryotic cells. Particularly preferred are in this 
context control sequences which allow for con-ect expression in neuronal cells and/or 
cells derived from nervous tissue. 

Control elements ensuring expression In eukaryotic and prokaryotic cells are well 
known to those skilled in the art. As mentioned above, they usually comprise 
regulatory sequences ensuring initiation of transcription and optionally poly-A signals 
ensuring temilnation of transcription and stabilization of the transcript. Additional 
regulatory elements may include transcriptional as well as translatibnal enhancers, 
and/or naturally-associated or heterologous promoter regions. Possible regulatory 
elements pemnitting expression In for example mammalian host cells comprise the 
CMV-HSV thymidine kinase promoter, SV40, RSV-promoter (Rous sarcome virus), 
human elongation factor 1a-promoter, CMV enhancer, CaM-kinase promoter or 
SV40-enhancer. 

For the expression for example in nervous tissue and/or cells derived ttierefrom, 
several regulatory sequences are well known In ttie art. like the minimal promoter 
sequence of human neurofilament L (Charron. J. Biol. Chem. 270 (1995). 25739- 
25745). For the expression in prokaryotic cells, a multitude of promoters including, 
for example, tiie tao-lac-promoter. ttie lacUVS or the trp promoter, has been 
described. Beside elements which are responsible for the initiation of transcription 
such regulatory elements may also comprise ti-anscriptlon termination signals, such 
as SV40-poly-A site or the ti<-poly-A site, downstream of the polynucleotide. In this 
context, suitable expression vectors are known in the art such as Okayama-Berg 
cDNA expression vector pcDVI (Pharmacia), pRc/CMV, pcDNAI. pcDNA3 (In- 
Vitrogene. as used, inter alia in the appended examples), pSPORTI (GIBCO BRL) or 
pGEMHE (Promega), or prokaryotic expression vectors, such as lambda gtl 1 . 
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An expression vector according to w, invention is at ieast capable of directinq the 
repi-c^fon and ^ expression, of me nuCeIc acids and p^'t^^ 

.nvent,on. Sul,a.,te origins of ^plication inCude, for example, me Coi El te svt 
«a. and «,e M 13 ortglns o, .plication. SUtabie p™n,oters include, for el! ,e ^ 
cytomegalovms (CMV) pn>moter. tt« lacZ promoter, the gai10 promoter and 
Auto^pha caiif^m^ muiflple nuCear poiybedn^is vi^s (AcM^C^el 
P^moter. Suitable .em*,a.ion sequences inCude, for example, .be b<L^^I 
hon^ne, SV40. iacZ and AcMNPV polyhed^l polyadenylaf on signal. Z.^^ 

ntTrr: ~ "^^L^nranrtbt 

»ke^SpecKtea„y<,es,gned vectors allow the shuniing of DMA be*«een differ host 
cell , such as baoterta-yeast. or bactena^imal celb. or baCerta-ft^ngal ceils^ 

bactena invertebrate cells. ^ ' 

Beside the nucleic add molecules of the p«sent invendon. the vector may fu,«,er 
comp^e nucleic add se<,uences encoding ior secre«o„ signals. Such se^uen^ 
are wel known to the pe«on sMIied in U« art. Furthem,o«. depending on Z 
express,on system used leader sequences capable of dl^ng the xpresl 
pclypepade to a cellular compartment may be added to the coding seque o ^e 
nuoie« acd molecules of me inventton and a» well Known in me art The lelder 

Z:r' ' .-ns.at,on."n™a on and 

secmton of translated pmtein, or a part thereof, into, inter alia, the extracellul^ 
memb^ne. Opttonaliy. the hetemlogous sequence can encode a usr^l" 

TZZst " -^-""^ '-'^'^ 

2. stab-l-^afon or simpiffied puriflcafon of expressed recombinant pmduct. Once 
the vector has been inconporated into U» appn^priate host. «,e host maintain^ 
under condl^ons suitable for high level exp^ssion of the nuCeoSde sequen^^ 
^ des,red. me collection and puhfica«on o, me pn,toins, antigenic .agZi^^ 
^s,on p,o,e,ns of me invenUon may follow. Of course, the vector can also compri^ 
regulatory regions from pathogenic oiganisms «"»mpnso 

and/or gene targetrng vector. Gene merapy. which is based on introducing 
me^peufc genes (ft,r example for vacdnatlon, Into cells by ex-vivo or in-Z 
.echnrques ,s one of me most important appilcattons of gene t^nsfer. Suita^e 
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vectors, vector systems and methods for in-vltro or m-vivo gene therapy are 
described In the literature and are known to the person sicilled in the art; see, e.g., 
Giordano. Nature IVledicine 2 (1996), 534-539; Schaoer . Circ. Res. 79 (1996), 911- 
919; Anderson, Science 256 (1992), 808-813, Isner. Lancet 348 (1996), 370-374; 
Muhlhauser. Circ. Res. 77 (1995), 1077-1086; Wana. Nature l\/Iedlcine 2 (1996). 714- 
716; WO 94/29469: WO 97/00957 : Schaoer. Current Opinion in Biotechnology 7 
(1996), 635-640 or Venma. Nature 389 (1997), 239-242 and references cited therein. 
The nucleic acid molecules of the invention and vectors as described herein above 
may be designed for direct Introduction or for introduction via liposomes, or viral 
vectors (e.g. adenoviral, retroviral) into the cell. Additionally, baculoviral systems or 
systems based on vaccinia virus or Semliki Forest Virus can be used as eukaryotic 
expression system for the nucleic acid molecules of the invention. In addition to 
recombinant production, fragments of the protein, the fusion protein or antigenic 
fragments of the invention may be produced by direct peptide synthesis using solid- 
phase techniques (cf Stewart et al. (1969) Solid Phase Peptide Synthesis; Freeman 
Co, San Francisco; Menrifield, J. Am. Chem. Soc. 85 (1963), 2149-2154). In vitnj 
protein synthesis may be performed using manual techniques or by automation. 
Automated synthesis may be achieved, for example, using Applied Biosystems 431A 
Peptide Synthesizer (Pertcin Elmer, Foster City CA) in accordance with the 
instructions provided by the manufacturer. Various fragments may be chemically 
synthesized separately and combined using chemical methods to pnaduce the full 
length molecule. 

The present invention in addition relates to a host transfomned with a vector of the 
present invention or to a host comprising the nucleic acid molecule of ihe invention. 
Said host may be produced by introducing said vector or nucleotide sequence into a 
host cell which upon Its presence in the cell mediates the expression of a protein 
encoded by the nucleotide sequence of the invention or comprising a nucleotide 
sequence or a vector according to the invention wherein the nucleotide sequence 
and/or tfie encoded polypeptide is foreign to the host cell. 

By "foreign" it Is meant that the nucleotide sequence and/or the encoded polypeptide 
Is eltiier heterologous with respect to the host, this means derived from a cell or 
organism wiUi a different genomic background, or is homologous with respect to the 
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host but located in a differant genomic envl«»,ment than the naturallv n. • 

e«her be ln.egna.ed Into «,e genome o, u,e host or I, ™y J^^J^ 
exirachtomosomally In this ,. • . " ™y mainteined in some form 

bacerial oeS te n T ,■ '"^ ^ '""^^ ^ " a 

udcienai cell (e.g., E co i stra ns HB101 ni-i^a vi ^ r.. w 

Euka-yotlo recomblnan. host ce«s ana pl^ ^ , " 

cells, COS-1 cells (Arm odi ^eiis, 

cs c.rcc cc. a, c^Sc^r ^ eri:.T:i^^^^^^^^^ 

(ATCC CCL 171). /. o o HA rcc CCL 26) and MRG-5 



. imer aiia. a HEK 293 (human embryonic kidney) cell, a CHO. 
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HeLa, NIH3T3, BHK. PCI 2 cell or a neuronal stem cell preferably derived from a 
mammal and more preferably from a human. 

In another more prefen-ed embodiment said amphibian ceil is an oocyte. In an even 
more preferred emfcjodiment said oocyte is a frog oocyte, particularly preferred a 
Xenopus laevis oocyte. 

In a more preferred embodiment, the host according to the invention is a non-human 
transgenic organism. Said non-human organism may be a mammal, amphibian, a 
fish, an insect, a fungus or a plant. Particulariy prefenred non-human transgenic 
animals are Drosophila species, Caenorhabditis elegans, Xenopus species, zebra 
fish, Spodoptera frugiperda, Autographa califomica, mice and rats. Transgenic plants 
comprise, but are not limited to, wheat, tobacco, parsley and Arabidopsis. Transgenic 
fungi are also well known in the art and comprise, inter alia, yeasts. Iil<e S. pombe or 
S. cerevisae, or Aspergillus, Neurospora or Ustilago species or Pichia species. 

In another embodiment, the present Invention relates to a method for produdng the 
polypeptide encoded by a nucleic acid molecule of the invention comprising 
culturing/raising the host of the invention and isolating the produced polypeptide. 
A large number of suitable methods exist in the art to produce polypeptides In 
appropriate hosts. If the host is a unicellular organism or a mammalian or insect cell, 
the person sicilied in the art can revert to a variety of culture conditions that can be 
further optimized without an undue burden of wori<. Conveniently, the produced 
protein is harvested from the culture medium or from Isolated (biological) membranes 
by established techniques. Furthenmore, the produced polypeptide may be directly 
isolated from the host cell. Said host cell may be part of or derived from a part of a 
host organism, for example said host cell may be part of the CNS of an animal or the 
han^estable part of a plant. Additionally, the produced polypeptide may be isolated 
from fluids derived from said host, like blood, milk or cerebrospinal fluid. 

Additionally the present invention relates to polypeptides depicted in SEQ ID NOs: 5 
to 12 which are encoded by the nucleic acid molecules of the invention or produced 
by the method of the invention. The polypeptide of the invention may accordingly be 
produced by microbiological methods or by transgenic mammals. It is also envisaged 
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*a. me polypepude of the invenUon Is ™cove«d ftom Uansgenio ptente 
Alternately. «,e pdypepMe of the invention may be pmduced syntl-efcaHy or semi-' 
synthetically. ^ 

For example. Chemical synthesis, such as the solid phase procedure described by 
Hsygbtea P™c. Nat.. Acad. Sd. USA (82) (1985). 5131-5135. can be used. Another 
method is in vit«. translation of mRNA. A method Involves the recombinant 

p™duc»on Of p«„ein in host cells as desodbed above. For example, nucleotide add 
sequences comprising aU or a portion of any one of the nucleoBde sequences 
acoHding to the invention can be synthesized by PCR. inserted into an expression 
vector, and a host cell transformed with the expression vector. 71,ereafter. the host 
«ll .s cultured to preduce the desired polypeptide, whidi is isolated and purified 
Protein .solation and purification can be achieved by any one of severel known 
techniques; for example and without limitation. Ion exchange dvomatogrephy. gel 
flft^aton chrematogrephy and aflinity dirematography. high pressure I 
chrematography (HPLC). revereed phase HPLC. preparative disc gel 
electrephoresis. In addition. c»IMree trenslatlon systems can be used to p^duoe L 
polypeptides of the present invention. Suitable cell*«e expression systems for use 
rn accordance with the present invention Indude rebbit reticulocyte lysate wheat 
gem, extrad. canine pancreatic microsomal membranes. E. coli S30 extre'ct and 
coupled transcrlptionftranslation systems sud, as the TNT-system (Premega) These 
sy^ms allow the expression of recombinant polypeptides or peptides upon the 
addrtK,n Of Cloning vectors. DMA fragments, or Rm sequences containing coding 
regions and appropriate premoter elements. As mentioned supra, protein 
isdafon^unflcatlon tediniques may require modification of the proteins of the 
present »,vention using conventional methods. For example, a hlstidine tag can be 
added to the protein to allow purification on a nid<el column. Other modifications may 
cause higher or lower activity, pemilt higher levels of pretein predudion, or simplify 
punfication of the protein. 

_lp_a_ftirther emlMd^^^^ 

direded to a polypeptide of the invention, wherein said antibody spedllcally reacte " 
with an epitope generated and/or fomied. by the mutetion in the ATP^ated ion 
channel P2X7R setected from the group consisting of; 
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(i) an epitope specifically presented by a polypeptide which has an amino acid 
sequence of an ATP-gated ion channel P2X7R, wherein the R (Arg), G 
(Gly). E (Glu), L (Leu). R (Arg), I (lie) or R (Arg) residue conespondlng to 
position 117, 150, 186, 191, 270. 568 or 578 of the wild-type ATP-gated Ion 
channel P2X7R as depicted In SEQ ID NO: 3 or 4 is replaced by another 
amino acid residue; and 

(il) an epitope specifically presented by a polypeptide which has an amino acid 
sequence of an ATF-gated ion channel P2X7R, wherein amino acids 
conresponding to positions 488 to 494 of the wild-type ATP-gated ion 
channel P2X7R as depicted in SEQ ID NO: 3 or 4 are deleted. 

With respect to preferred embodiments of (i) and (ii) the same applies as described 
above in connection with the nucleic acid molecules. The term "specifically" in this 
context means that the antibody reacts with the mutant P2X7R protein but not with a 
wild-type P2X7R protein. Preferably this term also means that such an antibody does 
not bind to other mutant forms of the P2X7R protein, in particular those described 
herein. Whether the antibody specifically reacts as defined herein above can easily 
be tested, inter alia, by comparing the reaction of said antibody with a wild-type ATP- 
gated ion channel P2X7R (or a subunit or a fragment thereof) with the reaction of 
said antibody with a mutant P2X7R polypeptide of the invention. 
The antibody of the present Invention can be, for example, polyclonal or monoclonal. 
The term "antibody" also comprises derivatives or fragments thereof which still retain 
the binding specificity. Techniques for the production of antibodies are well known in 
the art and described, e.g. in Hariow and Lane "Antibodies. A Laboratory Manual", 
CSH Press. Cold Spring Harbor, 1988. These antibodies can be used, for example, 
for the immunoprecipitation and immunolocalization of the polypeptides of the 
invention as well as for the monitoring of the presence of such polypeptides, for 
example, in recombinant organisms or in diagnosis. They can also be used for the 
identification of compounds interacting with tiie proteins according to the invention 
(as mentioned herein below). For example, surface plasmon resonance as employed 
in the BIAcore system can be used to increase the efficiency of phage antibodies 
which bind to an epitope of the polypeptide of the invention (Schier. Human 
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a^Z^"^" ' ^^^^^ 183 

The present (nvendon ftirme^ore includes chin,eric, single chain and humanized 
am,bod,es. as we,, as an«body ftag^nts. ,IRe, inter a„a. Fab fi^gmente Anlibo^" 
fronts or deriva«ves «.r«,er comprise F(ab-)2, Fv or scFv fragment TI Tor 
exa^pie. a.da.,^ad^. ^. ^, ^^^^^^ ^ ^-^ 

may be used for tt,e p^ducUon of such anybodies and/or Augments ThL Z 
anybody, de.va.Ves can be p^duoed by pepHdomin,e.,cs. F^rO^, " te^^u^ 

iaa&ZZS) can be adapted to produce single chain antibodies to pdype^^;^ 

^ birr T' '^^>' -pj'hun^ 

ant.bcd,es to polypeptides of this Invention. Most p,Bfe,ably. the antibody of this 
..venuon ,s a monoConal antibody. For the p«pa,^„ „, monoclonal anUbodles 
any techn,.ue Which provides antibodies p^duced by continuous ce« line ^ 

Nature 256 (1975, 495^7), the tHoma technique, the humanl^^^ 
hybndoma techn,que (Ks«6s, Immunotegy Today 4 (1983), 72) and t.^ EBV- 
hybndoma techn„,ue to produce human monoclonal antibodies (Sate et al 
Monocona, Antibodies and Canc«r Tha,.py. Aten R. LIss, Inc. (19^ 77-96,' 
des-^lng the p™duc«on o, single chain anUbodies (e.g., y^P^ 
can be adapted to pnxiuce single chain anUbodies to immunogenic 
POlypeptKles as described above. Furthem,ore. transgenic mice may be to 
exp^ss humanized antibodies directed against said immunogenic poiypep«des I, is 
jn partK:u,ar prefenBd that the antibodies/antibody constructs as antibly 
ftagments or derivatives to be employed in accordance with this invention or capable 
to be exp^ssed in a ce„. This may, inter alia, be achieved by direct injection C the 
con^pondrng proteineous molecules or by injection of nucleic add molecules 
en^drng the same. Furthem,ore, gene therapy approaches ^ envisaoed. 
Ac«,rd,ngly. .n context of the present invention, the tern, -antbody molecule" r«l"ates 
J° W jmrn^nogtoj-jilir^^^ 

mo,e«,,ss^ Furthem,ore, the tern, relates, as discussed above! to modified and/or 
altered anbbody mo,ecu,es, like chimeric and humanized antibodies. The temi also 
relates to monoclonal or polyclonal antibodies as well as to recomblnanUy or 



37 



synthetically generated/synthesized antibodies. The term also relates to Intact 
antibodies as well as to antibody fragments thereof, like, separated light and heavy 
chains, Fab, Fab/c, Fv, Fab', F(ab')2. The term "antibody molecule" also comprises 
bifunctional antibodies and antibody constructs, like single chain Fvs (scFv) or 
antibody-fusion proteins. It is also envisaged In context of this invention that the term 
"antibody" comprises antibody constructs which may be expressed In cells, e.g. 
antibody constructs which may be transfected and/or transduced via, inter alia, 
viruses or vectors. It is In particular envisaged that such antibody constructs 
specifically recognize the polypeptides of the present invention. It Is. furthermore, 
envisaged that said antilK)dy construct Is employed in gene therapy approaches. 

The present invention relates also to an aptamer specifically binding to a polypeptide 
according to the Invention wherein said aptamer reacts with an epitope of a 
polypeptide of the present invention. The present invention furthemiore relates to an 
aptamer specifically directed to a corresponding nucleic acid molecule according to 
the invention. 

In accordance with the present invention, the term "aptamer" means nucleic add 
molecules that can bind to target molecules. Aptamers commonly comprise RNA, 
single stranded DNA, modified RNA or modified DNA molecules. The preparation of 
aptemers is well known In the art and may involve, inter alia, the use of combinatorial 
RNA libraries to Identify binding sides (Gold. Ann. Rev. Biochem. 64 (1995). 763- 
797). 

Furthermore, the present invention relates to a primer or pair of primers capable of 
specifically amplifying the nucleic acid molecules of the present invention. The term 
"primer" when used in the present invention means a single-stranded nucleic acid 
molecule capable of annealing the nucleic acid molecule of the present application 
and thereby being capable of serving as a starting point for amplification. Said term 
also comprises oligoribo- or desoxyribonucleotides which are complementary to a 
region of one of the strands of a nucleic acid molecule of the present invention. 
According to tiie present invention the term "pair of primers" means a pair of primers 
that are with respect to a complementary region of a nucleic acid molecule directed 
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in me opposite direction towards each other to eneble. for example, amplification by 
polymerase chain reaction (PCR). f Hnoanon Dy 

Th« term .amplDylng. refers to repeated copying of a specked sequence of 

nudeoudes. and allows the generation of a multitude of identical or Lenl,^ 

99^ and most preferred at least 99.5«^ such as 99.9% identical) nucleic acid 
molecules or parts «,ereof. Such methods are well established in 
Samb,»ok e. ai. -Moiecular Coning, A Uboratory Manual". 2- edition ISflT 

mod.ficat.ons thereof, ligase chain reaction (LCR, to name some p.1^ 
amplification methods. prererred 

When used in the context of primers the tern, -spedflcaily" means that only «,e 
nuc,e,c acid molecules as described herein above are amplified and nleL add 
molecules encoding the wiid-type P2X7R ATP^ted receptor as depicted in SEqTd 
no: 1 are no, amplified. Thus, a primer acconiing to fi,e inven«on is prefe^b J a 
pnmer wh,ch binds to a region o, a nudeic acid molecule of the invenfion wh. h i^ 
un,<,ue for this molecule and which is not present in «,e «.ld..ype P2X7R en^ „' 
sequence, i.e. the primer binds in a «gion in which one ofte above des^bL 

^TthTo;;:" TT^ ' " '° - " 

I»s8.ble that one Of the primen, of the pair Is specific in the above described 

mea^ngor both Of the pnmersofthepairare specie, in both cases, the us?:^^^ 
a pa. of pnmers would allow U> specfflcally amplify a mutant of the invenflon t 
descnbed hereinabove but not the wiid-type P2X7R encoding sequence 
The 3'-OH end of a primer is used by a polymerase to be extended by successive 
.co^ora^on Of nu.eo«des. The primer or pa. of prime,, of the presentZZ 
can be used, for example, in primer extension experiments on template R.^ 
according to methods Known by the person skilled in the art. Pref^ab^. «,e oHm^r^ 

Zlr^ '~ tbr ampi^catton re.^Z 

^|mpJate_RNA_pr^tejpe!ateDI^^^ 

^emplate DNA- or "template RNA- refers .o DNA or RNA moiecules^^TfiTgrTts 
thereof of any source or nucleotide «»nposition. that comprise a target nuclo^e 
sequence as defined above. The primer or pair of primers can also be usLTor 
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hybridization experiments as known in the art. Preferably, the primer or pair of 
primers are used in polymerase chain reactions to amplify sequences corresponding 
to a sequence of the nucleic acid molecule of the present Invention. It is known that 
the length of a primer results from different parameters (Glllam. Gene 8 (1979), 81- 
97; Innis, PGR Protocols: A guide to methods and applications. Academic Press, San 
Diego, USA (1990)). Preferably, the primer should only hybridize or bind to a specific 
region of a target nucleotide sequence. The length of a primer that statistically 
hybridizes only to one region of a target nucleotide sequence can be calculated by 
the following fonnula: (%) ^ (whereby x is ttie length of «ie primer). For example a 
hepta- or octanucleotide would be sufficient to bind statistically only once on a 
sequence of 37 kb. However, it Is known that a primer exactly matching to a 
complementary template strand must be at least 9 base pairs in length, othenwise no 
stable-double strand can be generated (GouHan. Biochemistry 12 (1973), 2893- 
2901). It is also envisaged that computer-based algorithms can be used to design 
primers capable of amplifying the nucleic acid molecules of the invention. Preferably, 
the primers of the invention are at least 10 nucleotides in length, more prefen-ed at 
least 12 nucleotides in length, even more prefenred at least 15 nucleotides in length, 
particulariy prefenred at least 18 nucleotides in length, even more particulariy 
prefenred at least 20 nucleotides in lengtti and most preferably at least 25 
nucleotides in length. The Invention, however, can also be carried out witti primers 
which are shorter or longer. 

it is also envisaged that tiie primer or pair of primers is labeled. The label may, for 
example, be a radioactive label, such as ^^p, ^P or ^^S. In a preferred embodiment 
of ttie invention, ttie label is a non-radioactive label, for example, digoxigenin, biotin 
and fluorescence dye or a dye. 

In another preferred embodiment said primers are selected from the group consisting 
of SEQ ID NOs: 52 to 1 1 1 . 

In yet another embodiment, the present invention relates to a composition comprising 
a nucleic acid molecule, a vector, a polypeptide, an antibody, an aptamer and/or a 
primer or pair of primers of the invention. 

The terni "composition", as used In accordance with the present invention, relates to 
compositions which comprise at least one nucleic acid molecule, vector, polypeptide. 
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an anybody and/or primer or pair of primes of this inyendon. I. may, opOonaHy 
^mpnse fu.*er molecules capable C a«eri„g me charaCerisBcs of «,e componeni 
Of the ,n.e„«o^ thereby, fbr example, suppressing. bloCong, modulating and/or 
ac.va.ng «w function which have neu^p-otectlve. noot^plc and/or anfldepr^ssive 
pmpert»s. The composition may be In solid, liquid or gaseous fom, and may be Inter 
alia, .n the fom, of (a) pow«Jer(s). (a) tablet(s). (a) solutlon(s) or (an) aerosol(s). ' 

In a preferred embodiment the composition acco^Jing to the Invention Is a dlagnosho 
imposition, opaonaliy further comprising suitable means for detection. As described 
ato«^«.e present invenflon Is based on the surprising finding that mutations in the 
R2X7R protein are connected ^ affective disorteis. Thus, this knowledge now 
a^ows to diagnose affective disoiders in an easy way. The diagnostic com^s.«on 
compnses at least one of the aforementioned compounds of the invention The 
diagnostic composition may be used, inter alia, fbr methods for detem,ining the 
prince and/or expression of the nudalc adds and/or polypeptides of the invention. 
This may be effected by detecting, e.g.. the presence of a conasponding gene In the 

ZlT'Tr"' " r*^*"' " *^ """^A which 

compnses .sdafon of DNA or RNA from a cell derived from said Individual 
«n.a<*r^ «,e DNA or RNA so obtained with a nucleic add pmbe as described above 
under hybndizmg conditions, and detecting the presence of mRNAs hybridized to the 
probe. AHemative.y. the diagnostic composition may also be used for detecting the 
present Of a nudeic add molecule of the invention by PCR. Furthemrore 
potypeptdes of the invention can be detected with methods known in the art whi* 
compose, inter alia, immundogical methods, like, RiA. FIA. ELISA. FACS or Western 
oioibng. 

Furthem»re. the diagnostic composlBon of the im,ention may be useful. Inter alia, in 
detecting the prevalence, the onset or the progress of a disease related to the 
expression of a polypeptide of the invention. A«»«iingly. the diagnostic comoosition 
of *e invention may be used. Inter alia, for assessing the prevalence, the onset 
and/0£ Sl^-'^as^taiu^of jff«asB.di^^ 

contemplated that the diagnosBc composition of the invention may be useful In" 
discnmlnating (the) stage(s) of a disease. 
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The diagnostic composition optionally comprises suitable means for detection. The 
nucleic acid molecule(s), vector(s), host(s), antibody(ies). aptamer(s). polypeptide(s) 
described above are, for example, suitable for use in Immunoassays in which they 
can be utilized in liquid phase or bound to a solid phase canier. Examples of well- 
known earners include glass, polystyrene, polyvinyl ion, polypropylene, polyethylene, 
polycarbonate, dextran. nylon, amyloses. natural and modified celluloses, 
polyacrylamides. agaroses, and magnetite. The nature of the canier can be either 
soluble or Insoluble for the purposes of tiie Invention. 

Solid phase earners are known to ttiose in the art and may comprise polystyrene 
beads, latex beads, magnetic beads, colloid metal particles, glass and/or silicon 
chips and surfaces, nitrocellulose strips, membranes, sheets, duracytes and the walls 
of wells of a reaction tray, plastic tubes or ottier test tubes. Suitable methods of 
immobilizing nucleic acid molecule(s), vector(s), host(s). antibody(ies). aptamer(s). 
polypeptide(s). etc. on solid phases include but are not limited to ionic, hydrophobic, 
covalent interactions or (chemical) crossiinking and the like. Examples of 
immunoassays which can utilize said compounds of the invention are competitive 
and non-competitive immunoassays in either a direct or indirect fomiat. Commonly 
used detection assays can comprise radioisotopic or non-radioisotopic methods. 
Examples of such immunoassays are the radioimmunoassay (RIA), the sandwich 
(immunometric assay) and the Northern or Souttiem blot assay. Furthermore, these 
detection methods comprise, inter alia, IRMA (Immune Radfoimmunometric Assay), 
EIA (Enzyme Immuno Assay), ELISA (Enzyme Unked Immuno Assay). FIA 
(Fluorescent Immuno Assay), and CLIA (Chemiolumlnescent Immune Assay). 
Furthermore, ttie diagnostic compounds of tiie present Invention may be are 
employed In techniques like FRET (Fluorescence Resonance Energy Transfer) 
assays. 

Appropriate labels and methods for labeling are known to those of ordinary skill in the 
art. Examples of tine types of labels which can be used in the present invention 
include inter alia, fluorochromes (like fluorescein, rhodamine. Texas Red. etc.). 
enzymes (like horse radish peroxidase, p-galactosidase, alkaline phosphatase), 
radioactive isotopes (like 32P. 33P. 35S or 1251), biotin, digoxygenin, colloidal 
metals, chemi- or bloluminescent compounds (like dioxetanes, lumlnol or 
acridiniums). 
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A vanety of techniques are availabte for labeBng bfomofecule,. are well lcr»w„ to tt,e 
person s...,ed in .he art and are considered ,o be wimin «,e scope of fl,e prC' 

ZT r, ""T" Of enzymes or bioUn, gro^ 

Phosphorylatons, bio«ny.a«ons, random priming, „ick^„s.a«ons, .a„inV(using 
^na. ..nsferases, Such .echnicues are, e.g., described inl!^ -,,,1^2 

(19«,): Mai^SD (Eds) -immunochemica, methods in cei, and moieouiar bL3 
Academ-c Press. Undon (1987); or in .he series "MeU.ods in Enzym^^ 
Academic Press, Inc. "oiogy~, 

Detecdon mett,ods compdse. bu. are no. limited ,o. autoradiography, fluorescence 
microscopy, direc and indirec.enzymaBcreac«ons,eto onescence 
said dlagnosac composiUon may be used for mettiods for detecflng the presence 
an*or abundance of a nucleic aad molecule of «,e .m^«on in a bLcg,cZ^2" 
mescal sample and/or, or detec«ng expression of such a nudelcadd nlcuie (e.g 
by de,em„n.ng the mRNA or the expressed polypept«e, P„,,hen™.„, sa« 

a^a. fo^ fl^e deteofon of specMc antagonists or agonists for P2X7R ATP-gated ion 
channels (see herein below). 

Uja ftirther embodiment the present lnven«on p,««ides a method of diagnosing an 
a^ disorder or a susceptibility to an aflective disorder composing the step of 
de.em„n.ng in a sample obtained fn,m an Individual whether the P2X7R protein 
expressed in «,e cells of said .ndivldual Is non-func«onal. shows an altered ATP- 
gatng .n compaHson to the wild-type P2X7R protein or is over- or under-expressed 
m companson to the P2X7R protein level of an unaffected individual 
The terrn "over- or under-expressed In comparison to the P2X7R protein level" in 
tt-e cortex. Of .he presert invenUon means that me P2X7R pmtoin level is higher or 
-ower than the P2X7R level of an healthy indlvk,ual. i.e. an individual not affected 

arnount of P2X7R mRNA caused by enhanced transcription rates due to inceased^""^ 
ac.v,ty Of the RNA-poiymerase II. The amount o, mRNA may accordingly lead to 
an mceased bansla«on and. ftus. to an higher protein level of P2X7R. It may also 
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be possible that a higher amount of P2X7R protein Is caused by Increased stability 
of the protein. An under-expression of P2X7R protein may be caused by low 
transcription rates of the P2X7R gene and. thus. Insufficient amounts of P2X7R 
mRNA give only rise to a low P2X7R protein amount Another reason may be that 
the P2X7R protein is unstable and, thus, is not present In amounts comparable to 
the wild-type protein level. 

The under- or over-expression of P2X7R protein may be determined by methods 
well-known to the person skilled in the art. These include, but are not limited, to 
methods for determining the amount of mRNA or the amount and/or activity of the 
protein. Examples are Northern Blot analysis or Immuno based techniques, such 
as Western Blotting. 

"Non-functlonar means that the P2X7R protein has lost at least one functional 
property displayed by the wild-type P2X7R protein as described herein above. 
Preferably, "non-functional" means that the P2X7R protein does no longer function 
as a channel. Non-functionality may, e.g., be caused by the fact that one allele 
occum'ng In an Individual codes for a P2X7R protein which leads to non-functional 
dimers (dominant negative mutation). Whether a P2X7R protein in an Individual is 
functional or non-functional can be determined by the methods described herein 
above and in the examples. 

The temn "altered ATP-gating" means that the respective P2X7R protein reacts in a 
different way to ATP than the wild-type P2X7R protein. This can be detemiined as 
described In the appended examples or as described hereinabove. 
In the context of diagnosis, not only the activity of the P2X7R could be of diagnostic 
value but also the amount of expression. For example. If a polymorphism affects RNA 
stability or translation efficiency, this could lead to lower expression of the P2X7 
protein not only In the hippocampus but also In the blood. Therefore, one could 
speculate that a lower amount of P2X7 detected by western blot In blood cells could 
be related to depression. 

Another aspect of the present invention is a method for diagnosing an affective 
disorder or a susceptibility to an affective disorder comprising the step of 
determining in a sample obtained from an individual whether the P2X7R gene 
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sequence or encoded protein ftereof comprises a mutation in comparison to tl,e 
vwld-type P2X7R sequence. h n lo me 

A preferred eml»diment.of the present Invention Is a meti„.d. wherein a mutation 
« a mutation in a P2X7R sequence as defined hereinabove and/or a nucleotide 
replaeemem or deletion selected frem the following Table C indicating In column 
Region Of P2X7R- the region of the P2X7R genomic nucleotide sequence in which 
the replacement or deletion occure, ;„ column -Nucleotide" of Table C the 
nucleotide which Is replaced by another nucleotide or the nucleotides which are 
deleted and In column -Position in wild-type" of Table C the con^ponding position 
n the nucleotide sequence of the wild-type ATP-gated ion channel P2X7R as 
depicted in SEQ ID NO: 1 f-iA'R as 



Table C 
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A 




intron 6 


Halcafjnn of d't 1 1 


ooum to 36094 


intron 6 
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intron 7 
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OOOf O 


intron 7 
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oooo7 


intron 7 
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intron 7 


Si/ 


37439 


intron 7 


T 
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Of Olo 


exon 8 
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exon 8 
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o7d05 


exon 8 
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Of bzo 


exon 8 
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Of boo 
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4f il l4 


exon 11 
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4f oo3 


exon 1 1 


C 
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intron 11 

If • hi 11 11 


T 

1 


47563 


Intron 12 




54307 


intron 12 

ill Wl 11 ■ 


G 


04oUo 


exon 13 


c 


54399 


exon 13 


A 


54480 


exon 13 


c 


VLA COO 

545^3 


exon 13 




540b^ to 54582 


exon 13 


A 




exon 13 


c 




exon 13 


G 


iJH-f UO 


exon 13 


A 


54804 


exon 13 


G 


54834 


exon 13 


G 


54847 


3'UTR 


G 


54925 


3'UTR 


C 


55169 


3*UTR 


A 


55170 


3'UTR 


A 


55171 


3'UTR 


C 
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TJT " "^"^^ Which is replaced by anomer 

nuCeo.de ,s a purtne base. i. is prefer u> be repiaced by enother purine base T, 
.s a py™.,dine base. i. is preferred to be replaced by anomer pyridine btsr, i 
also prefe^ ««. 3 punne base is replaced by a py„„„di„e base anT^j. a 

^Z^- T.'^:^'^ ^ Mos, preferably, .be nucleoUde 

■rKl^ted .n Table C are replaced by the nucleoUdes indicated a. «,e respecdve 
posrton in Table 12 hereinbelow (see Example 3). respects 

designed for use ,n a me*od in which ,he occurrence of me n,ute«on In *e ATP- 
gated .on Channel P2X7R gene is de.em,i„ed by PCR. immunological med^ods 
and/or elec^physioioglcal me«,ods as described herein belowand in «,e apfH 

ATP-gated ion channel P2X7R as described hereinabove. 

lelr'".''^ ~ to use Of a nuCeic add 

molecule a vector, a polypepMe, an antibody, aptemer an*or a primer or pair of 
pnmere of «,e present lm«„«on for .he prepare«on of a diagnos«c composl.'rf^ 
the detection of an affective disorder. 

afleottve disorder of an Individual comprising: 

(a) isolaflng DMA finom cells obtained from an individual- 

(b) de.em,ining all or part of Hie nucleotide composiUon'of the P2X7R gene- and 

(c) analyzing said nudeotde composition of P2X7R for the presence of one or 
more polymorphism, mutation or allelic vartaBon. 

The .em, -gene" means a nucleoBde sequence as80da.ed wlH, tt,e p,oduc«on of a 

-«.jngu^n5jjprp.a:sM 

ruTprr?' ""'""'"'^ <^^>- 3' "untrenslated region 

(3 UTR). and splice variants. 
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In a preferred embodiment of the described method the individual is a mammal and 
more preferably human. Moreover, the cells are preferably derived from skin, blood, 
urine or cerebral spinal fluid. 

The method of the present Invention allows for the diagnosis of an affective disorder 
according to the composition of a genetic maricer con-esponding to the P2X7R gene. 
As is demonstrated by the appended examples, polymorphisms In the P2X7R are 
genetically linked to patients suffering from an affective disorder. 

In accordance with this embodiment of the present invention, the diagnosis of an 
affective disorder can, e.g., be effected by isolating cells from an individual, and 
isolating the genomic DNA of said cells. Such cells can be collected from body fluids, 
skin, hair, biopsies and other sources. Collection and analysis of cells from bodily 
fluids such as blood, urine and cerebrospinal fluid is well known to the art; see for 
example, Rodak. "Haematology: Clinical Principles & Applications" second ed., WB 
Saunders Co, 2002; Brunzel. "Fundamentals of Urine and Body Fluids Analysis". WB 
Saunders Co, 1994; Hemdon a nd Bmmback (Ed.), "Cerebrospinal Fluid". Kluwer. 
Academic Pub., 1989. In addition, methods for DNA isolation are well described in 
the art; see, for example, Sambrook et al.. "Molecular Cloning: A Laboratory Manual", 
3"* edition, Cold Spring Harbor Laboratory, 2001, 

Once DNA has been isolated, various oligonucleotide primers spanning the P2X7R 
locus may be designed In order to amplify the genetic material by Polymerase Chain 
Reaction (PCR). Conventional methods for designing, synthesizing, producing said 
oligonucleotide primers and perf'omriing PCR amplification may be found in standard 
textbooks, see, for example Aorawal (Ed.), "Protocols for Oligonucleotides and 
Analogs: Synthesis and Properties (Methods in Molecular Biology, 20)", Humana 
Press, 1993; Innis et al. (Ed.), "PCR Applications: Protocols for Functional 
Genomics", Academic Press, 1999; Chen and Janes (Ed.). "PCR Cloning Protocols: 
From Molecular Cloning to Genetic", 2™* edition. Humana Press. 2002. Primers for 
the detection of P2X7R polymorphisms are also given in, but not limited to, SEQ ID 
NO: 52 to SEQ ID NO: 111. Once DNA has been amplified, nucleotide structure can 
be analysed by sequencing methods and compared to normal P2X7R DNA. 
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Sequenang may be performed manually by any molecular biologist of onjinary skills 
or by an automated sequencing apparatus. These procedure, ar» common In the art 
see, for example, et al. (Ed.). "Automated DNA Sequencing and Analysis"' 

Academic. Press. 1994; Alfihat "DNA Sequencing: From Experimental Methods to 
Bninformatlcs". Springer Veilag Publishing. 1997. 

Detection and analysis of polymorphisms in P2X7R can also be perfom,ed using 
amplrficaBon refractory mutation system (ARMSTM). amplification i«tracto,y mutation 
™ -i"9>e-fBnd confom,a«on polymorphism 

(SSCP). heteroduplex analysis, PCR.^SCP. fluorescent SSCP In an automated DNA 
sequencer, denaturing gradient gel electrophoresis, RNase protection assays 
detection of mutations by sequence specific oligonucleotide hybridization, chemical 
cleavage methods, enzyme mismatch cleavage methods, cleavage fragment length 
methods, alleie-specific oligonucleotide hybridization on DNA chips, and other such 
methods known in the art. see, for example MgBau et al, din. Chem. 43 (1997) 
1114-1128; Burcz^K and Marrils (Ed.). -Polymorphism Detection » Analysis 
Techniques". Eaton Pub Co. 2000: Sste et al. (Ed.). "Mutation Detection- A 
Practical Approach", iri Press. 1998; 0^ (Ed.). "Uboratory Methods for the 
Detection of Mutations and Polymorphisms in DNA". CRC Press. 1997. 

The present invention also relates to a method of diagnosing an affective disorder in 
an individual comprising: 

(a) isolating RNA from ceils obtained ffx)m an individual; 

(b) converting the RISJA into cDNA; 

(c) detemnlng all or part of the nucleotide composition of the cDNA so obtained- 
and 

(c) analyzing said nucleotide composition for the presence of one or more 
PolymorphlsmCs) or allelic variation. 

.Withiesee_ctJo_Jh4..p^^^^ 

above. 
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Detection and analysis of polymorphisms In the P2X7R RNA can be perfomied 
according to the methods described above. 

The present invention also relates to a method for diagnosing an affective disorder in 
an individual comprising: 

(a) Isolating RNA or proteins from cells obtained from an individual; 

(b) detemiining the levels of P2X7R RNA or protein; and 

(c) comparing the levels of P2X7R RNA or protein with the corresponding levels 
from a nomial individual not afflicted with an affective disorder. 

With respect to the prefen-ed embodiments the same applies as already described 
above. 

As is demonstrated by the appended examples, a relationship exists between the 
expression, or protein level of P2X7R and an affective disorder. This and other, 
embodiments of the present invention will readily occur to those of ordinary skill in 
the art in view of the disclosure herein. 

According to another aspect on the Invention, there is provided a polynucleotide 
comprising at least 20 bases of the human P2X7R gene and comprising a mutation 
or polymorphism selected from any of the following: 
Table 1: Novel polymorphisms In the human P2X7R 



Region in 
P2X7 


Polymorphism 


Protein 
Modification 


5*UTR 


362 T-C 




5'UTR 


532 T-G 




5'UTR 


1100 A-G 




5'UTR 


1122 A-G 




5'UTR 


1171 C-G 




5'UTR 


1702 G-A 




IntronOI 


3166 G-C 




IntronOI 


24778 C-T 




IntronOI 


24830 6C-T 




Exon03 


26188 C-T 


Argil TTrp 
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IntronOS 


26308 A-G 




Intron03 


26422 G-A 




Intron04 


32394 G-A 




Intron04 


32434 T-C 




ExonOS 


32493 G-A 


Gly150Arg 


ExonOS 


32548 C-T 


Silent 
Cys168 


IntronOS 


32783 A-C 




ExonOS 


35438 G-A 


Glu186Lys 


ExonOS 


35454 T-C 


LeulQIPro 


IntronOS 


35641 G-C 
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35725 A-C 




IntronOS 


36001 T-G 




IntronOT 


36378 G-A 




IntronO? 


36387 T-A 




IntronOZ 


36398 G-C 




ExonOS 


37604 C-T 


Arg270Cys 


ExonOS 


37633 C-T 


Silent 
Asp279 


Intron09 


47214 C-T 




Intronll 


47563 T-C 




lntron12 


54307 CT 




lntron12 


54308 G-A 




Exon13 


54562*54582 delpHnn 

of CCCTGAGA 
GCCACAGGTGCCT 


oeietion of 

488 to 494 
(PESHRCL) 


Exon 1 


S>4004 A-T 


lle568Asn 


Exon 13 


54834 G-A 


Arg578Gln 


3'UTR 


55169 C-A 




S'UTR 


55170 A-C 




3'UTR 


55171 A-C 




S'UTR 


55917 C-T 




3'UTR ■ 


54925 G-A 





The polymorphism descrtbes the posiflon and «,e variation obsen^d. The poslBon 
and numbering of the polymcphlsm corresponds to the hun«n P2X7R gene as 
defined in SEQ iD No 1. Prime,, used for SNP amplification and sequencing are 
^hoyvnmJaWe4aan^is{8d-lo^HaiD4^Qi:«2-te ^. 
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Table la. Primer sequences for SNP amplification and sequencing 



Primer Namo 








■Ea<f 


P2RX7_01.for 


Sense 


CO t e.ocra.c fc tcrcrrrm I- r- 1- 


O T o c 

2785 


2803 


P2RX7_01.rev 


Anti sense 


gagcacatctcaaattccyaaa 


3224 


3244 


P2RX7_02 .for 


Sense 


ccataaaacaggtatgactattc 


24665 


24687 


P2RX7_02.rev 


Antisense 


c t cc t gga tc tcacccagt t 


25168 


25187 


P2RX7_03 . for 


Sense 




25966 


25988 


P2RX7_03.rev 


Antisense 


ggtccctagto'ctagaaccaqa 


26426 


26447 


P2RX7_04.for 


Sense 


a-i-t.c:at.ccgucagcggcc 


30794 


30811 


P2RX7_04.rev 


Antisense 




31277 


31298 


P2RX7_05.for 


Sense 


ttcgttQtggttaggatcrcyff 


32314 


32333 


P2RX7_05.rev 


Antisense 




32805 


32826 


P2RX7_06.for 
P2RX7 06 -rev 


Sense 
Antisense 


cactaaatttactgtatccatttct 


35277 


35301 


P2RX7_07 . for 
P2RX7_07.rev 


Sense 
Antisense 


gcaactatc^taaaagcttgg 
caccaagtagctctcactcataaqq 


35731 
35950 
36424 


35750 
35968 
36448 


P2RX7 08 . for 
P2RX7_08.rev 


Sense 
Antisense 


caa t aacac 1 1 q t gcgagt tagg t 
catcttattgccttggaaacc 


37380 
37750 


37403 
37770 


P2RX7_09 . for 


Sense 


gtgagtggtaatcctgctactac 


45321 


45343 


P2RX7_09 .rev 


Antisense 


aggcccactcctcrtactCQ 


45743 


45761 


P2RX7_10 11. for 


Sense 


ccaagtcacagcatgaqgc 


47119 


47137 


P2KX7_10_11 . rev 
P2RX7 12 -for 


Ant* 1 eoT^SA 

Sense 


acccagcgacgtatccac 


47632 


47649 


P2RX7_12.rev 




aagcatgqggttccatttc 

gcataaaagggactcctgctagta 


50252 
50691 


50268 
50714 


P2RX7__13a. for 
P2RX7 13 a. rev 


Sense 

ATli* 1 Q ATI OA 


gcttacagaacacatgcatga 
gcacctgtaggcacaqtc^c 


54232 
54739 


54252 
54757 


P2RX7 13b. for 
P2RX7_13b.rev 
P2XR7 13d- for 


Sense 

Ant i s^rtfi^ 

Sense 


atcaccacctcagagctgttc 


54620 
55203 


54640 
55223 


P2XR7_Prol3 . for 


Sense 


gc 1 1 agaaaggaggcgac t cc 
ttgtgacatttacaaggctgcc 


54484 
2617 


54504 
2638 


P2XR7_Pro7 . rev 




tctgaagctctqctcctqacf 


1955 


1974 


P2XR7_Pro8 . rev 


Ant i ^^ns^ 


cccaccttctqgcttccagt 


1611 


1630 


P2XR7_Pro9 . for 


Sense 


cttaccactcccagqactaa 


1496 


1515 


P2XR7_ ProlO . for 


Sense 


^rt*^^^^r^^^«4*^w^ ^ tfp^ A. __ • 


1149 


1168 


P2XR7_ Prol . for 


Sense 


cagagaccctcaqaaacttcq 


1841 


1861 


P2XR7^ Pro2.rev 


Antisense 


agatcaccaqggacacagtg 


2261 


2280 


P2XR7_Pro3 . for 


Sense 


r a ^» ^ X. i_ ^ — — ^ 


2133 


2152 


P2XR7_Pro4 . rev 


Antisense 


t. ^ c ac c c c t u c gg t c t ca t q 


2655 


2677 


P2XR7__Pro5 . for 


Sense 




2691 


2711 


P2XR7_Pro6 . rev 


Antisense 


ggaccagagctctactcttc 


2951 


2970 


P2XR7_Proll.for 


Sense 


aggtcataqatcaacctqcG 


2296 


2315 


P2XR7 Prol 2. rev 


Antisense 


aagaaaccrccaaqtcctacg 


2785 


2804 


P2XR7_Prol4.for 


Sense 


gcaatccagactaaagttqac 


2051 


2071 


P2XR7_Prol5.rev 


Antisense 


actctaatctqcaattggtq 


2428 


2447 


P2XR7_Pro21.for 


Sense 


cctttaaaatcaciagaccttcaaa 


1831 


1854 


P2XR7 Pro22.for 


Sense 


gcccatcctctqaacaccat 


2708 


2727 


P2XR7_3UTR10 . for 


Sense 


cccttaaaactcttgctatcg 


55804 


55824 


P2XR7_3UTR1 . for 


Sense 


ggcaqtacagtqcrcttcaaga 


54858 


54878 


P2XR7_3UTR2 . rev 


Antisense 


gtggqacaqtttqctc^tgcct 


55150 


55170 
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Ano*er aspeC of 0,e p^sent invention is in the fom, of a diagnostic kit for affective 

^ZTT" " ^ P«.be. or prtn,er corresponding to 

P2X7R polymorph^ms. "me diagnostic Id. may compnse app-opnate packaging and 

ot^r r» '^ •"'-'^""^ '~n. said Kit may further Lpd a 



^ a p-Bfensd embodiment c, the invention, diagnosis can t» perfom,ed on a mouse. 

IZTT- T " " °r other 

matena. obta.ned fmm an individual. However, i. can also be app«ed on a Oving 
individual, or post mortem. ^ 

I., accordance with the embcdimenU of the p«sent inventton. diagnosis of an 

all .T - «lminlst««on of an 

an^depressan. d^g. Administra«on and dosage of a„«dep,essive dr^gs can vary 

Brut" C"*" T ^ ^ fisnkertai^ 

ta^ Kompendrum der Psychlatnschen Pham,akctherapie", Springer Vedag 

mg and 80 mg per day. preferably 20 mg. fluoxetine: between 5 mg and 50 mg per 

dayppre.e.bly^0T^««Wn^-BB«,gg^5.-^^ 

n^^sertralrne; behveen 5 n,g and 300 mg per day, preferably 10O mg. fluvoxamine; 
between 5 mg and 100 mg per day. preferably 30 mg. mirtazaplne; behveen 4 mg 
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and 50 mg. preferably 8 mg, reboxetine; between 5 mg and 600 mg per day. 
preferably 200 mg, nefazodone; between 450 mg and 1800 mg per day, preferably 
900 mg, lithium carbonate. 

The P2X7R protein is also useful for monitoring the efficacy and/or dosing of a drug 
or the likelihood of a patient to respond to a drug. Thus, in yet another embodiment 
the invention relates to a method for, monitoring the efficacy and/or dosing of a drug, 
e.g. an antidepressive drug, and/or the likelihood of a patient to respond to said drug 
which comprises detennining the level of expression and/or activity of the P2X7R 
protein in a patient before and after administration of the respective drug. As 
presented In the examples below, treatment with an antidepressive dnjg results in an 
upregulation in P2X7R activity. In humans, P2X7R activity can be monitored by 
Positron Emission Tomography (PET) or Single Photon Emission Computerised 
Tomography (SPECT) using a radiolabelled ligand tracer for P2X7R. Examples of 
P2X7R ligands can be, but are not limited to. ATP. an antagonist binding P2X7R, an 
agonist binding P2X7R. or a small polynucleotide comprising at least 20 bases of the 
human P2X7R gene. A modulation of P2X7R activity, membrane distribution or 
expression levels would reflect the activity and potency of the antklepressive drug. 
Methods and techniques required for PET analysis are well known In the art, see, for 
example Paans and Vaalburo. Cun*. Phamiac. Design 6 (2000), 1583-1591; van 
Wgarde, Cun-. Phamiac. Design. 6 (2000), 1593-1610; Paans et al. Methods 27 
(2002). 195-207; Passchler et al.. Methods 27 (2002). 278-286; Laruelle et al.. 
Methods 27 (2002), 287-299. 

In accordance with the present Invention by the term "sample" Is intended any 
biological sample obtained from an Individual, cell line, tissue culture, or other source 
containing polynucleotides or polypeptides or portions thereof. As indicated, 
biological samples include body fluids (such as blood, sera, plasma, urine, synovial 
fluid and spinal fluid) and tissue sources found to express the polynucleotides of the 
present invention. Methods for obtaining tissue biopsies and body fluids from 
mammals are well known in the art. A biological sample which includes genomic 
DNA. mRNA or proteins is preferred as a source. 
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As descnbed herein above, mutations of the P2X7R encoding gene can occur on 
DMA level or on mRNA level and may«sult In an altered expression of P2X7R or In 
tt,e expression of P2X7R ATP^ ion channels which show either an attend 
funct»n or no function when compared to the wlld-type P2X7R ATP-gated ion 
channel as described herein. Thus, vahous methods on DMA level, RNA level or 
protein level exist for detemnming whether the ATP^^ated ion channel P2X7R gene 
shows a mutation as described herein above. Consequently. mRNA, cDNA DNA 
and genomic DNA are the prefened nucleic add molecules to be used In the below 
mentroned methods. Also polypeptides or fragments thereof are preferred if a 
mutation in the P2X7R ATP-gated ion channel pn^tein as described herein is to be 
determined. 



Preferably, a point mutation leading to the replacement of an amino add residue at 
the positions as indicated In Table 1 of the corosponding wild^ypa P2X7R amino 
acd sequence depicted in SEQ ID NO. 3 or 4 by another amino add can be 
detemiined by PCR. Said PCR is fallowed by a restriction fragment length 
polymorphism (RFLP) analysis if due to the point mutation a recognition site for a 
restnction endonudease is generated which is not present in the wild-type nucleotide 
sequence or a recognition site for a restriction enzyme is created which does not 
«^r in the wild-type P2X7R. More preferably said mutation can be detemiined by 
PCR using primers and conditions that allow only an amplification of the wild-type 
nudeoBde sequence encoding the conesponding wild-type amino acid at the 
respective position, but not of the nucleotide sequence of a nucleic acid molecule 
encoding a dHferent amino add residue at the corresponding position. It Is even 
mors prefemed that PCR is perfom,ed to detem,ine a mutaton using primere and 
cond,t»ns that allow no amplification If the wild-type nucleotide sequence is present 
but only if another amino add residue is encoded at the respective position' 
Particuiariy prefen-ed is a method using PCR and primere under conditions that allow 
amplification of a fragment comprising at least the nucleotide residues encoding the 

^nmo^id residue conrcg^ ^ 

Said PCR ii fdiowed by e.g.. sequencing and/«^'singie stra^ ccKiformationanaD^s" 
(SSCA). said fragment is preferably of at least 25 nudeoHdes in length, more 
preferred of at least 50 nudeolide in length, even more prefensd of at least 75 
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nucleotides in length, particulariy preferred of at least 100 nucleotides in length, more 
particularly preferred of at least 200 nucleotides in length, also more particularly 
prefen-ed at least 250 nucleotides in length, even more particularly preferred at least 
300 nucleotides in length and most particularly prefened at least 600 nucleotides In 
length. Said primers are preferably of at least 12 nucleotides In length, more 
preferred of at least 15 nucleotides in length, even more preferred of at least 18 
nucleotides In length and most prefen-ed of at least 21 nucleotides in length as 
depicted in SEQ ID NOs: 52 to 111. The temperature for annealing said primers is 
preferably at least 50»C. more prefenred at least 55'C and most preferred at least 
58X. The temperature for denaturation is preferably at least 95°C for preferably at 
least 10 sec, more preferably at least 20 sec, even more prefen-ed at least 30 sec 
and most prefemed at least 60 sec. However, depending on the length and the G-C 
content of the nucleic acid sequence to be amplified the temperature for denaturation 
may be shorter or longer. The temperature for extension of the annealed primers is 
preferably at least 10 sec. more preferably at least 20 sec. even more preferred at 
least 30 sec and most preferred at least 60 sec. A PGR reaction comprising the 
aforementioned conditions is exemplified in the Examples herein below. The 
subsequent sequencing and/or SSCA is earned out as known In the art. Preferably, 
the PGR fragments are separated on a 10% polyacrylamide gel at 4»G or also 
preferred at room temperature. PGR fragments showing a SSGA band shift are 
amplified with the primera under conditions as mentioned above and are 
subsequently sequenced. Alternatively, it is also possible to directly sequence 
genomic DNA in order to determine whether a mutation In the CLCN2 gene has 
occurred. A direct genomic sequencing approach Is, for example, demonstrated for 
baker's yeast in Horecka. Yeast 16 (2000), 967-970. 

Preferably, a deletion is determined by using hybridization techniques as known in 
the art. In particular, a primer Is designed as mentioned herein above that is capable 
to only hybridize to wild-type genomic DNA as depicted in SEQ ID NO: 1 but not to a 
nucleotide sequence comprising a deletion of a fragment between nucleotides 54562 
and 54582 of SEQ ID NO: 1. Also prefen-ed is the method of fluorescent in situ 
hybridization (FISH) for determining on whole chromosomes, in particular on 
chromosome 12q23-q24 that said chromosome has the above mentioned deletion. 
Even more prefen-ed is that a deletion of nucleotide residues as described herein 
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may be detemiined by using PCR. whe,«ln one primer of a pair of pHmers is located 
within the region of oenomic DNA comprising said deletton. Preferably, said deletion 
^between nucleotide positions 54562 and 54582 as depicted in SEQ ID NO- 1 
Thus, under the appropriate conditions no PCR fragment will result if the genomic 
DMA compnses said deletion. It Is particularly prefeneO that PCR using primers 
«*K:h are located upstream or downstream of the deletion is perfom^ed to deten^ine 
said deletKm. Under appropriate conditions as mentioned herein above both a 
ft^grnent of genomic DNA of the ^Id-type nucleotide sequence as set forth in SEQ 
ID NO: 1 and a fragment of the nucleotide sequence comprising a deletion of 
preferaWy the nucleotides between positions 54562 and 54582 as depicted in SEQ 
ID NO: 1 will be amplified. 

It is also possible to detemiine the above^escribed P2X7R mutations on the protein 
teveL some of the mutations described above lead to shortened versions of the 
P2X7R protein. Thus, it is conceivable to detem,lne the occunence of these 
mutations by detemiining the length or molecular weight of the P2X7R protein 
expressed in an indhddual, e.g. by SDS PAGE. 

it IS «teo Possible to detemilne the mutations of the P2X7R ATP.gated channel as 
descnbed herein by using the antibodies of the present invention. Said antibodies 
specfflc fbr^ald mutations of P2X7R proteins will be de.em,ined by assay techniques 
such as radioimmunoassays, oompelitive^inding assays, Western blot analysis and 
ELISA assay. Also prefened are classical immunohistologlcal methods. 

The finding, described In the present invention, that certain mutations in the P2X7R 
encr^lng gene and/or the corresponding protein are connected with affeoUve 
disorder Is indicative that the non- or dysfuncflon of the P2X7R protein is responsible 
for various fom,s of affective dlso«Jers. Thus, the finding of these mutations not only 
allows the diagnosis of affective disorders by detem,inino whether the above- 
descnbed mutations occur in an individual. It also allows to develop a treatment of 
.ae^.^di5ord_esj»tU(*,.h^^^ 

P2X7R encoding gene. Such a treatment can, e.g., comprise the intn:Kjuctlon of a 
nucleic acid molecule encoding a nonfunctional or functional wild-type P2X7R 
protein thereby restoring in said individual the P2X7R activity or the activation or 
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repression of (a) P2X7R gene{s) in vivo. The terni "activation or repression" in tliis 
context means tliat the expression of the gene is either enhanced (activation) or 
reduced (repression). An enhancement of expression can, e.g., be achieved by 
increasing the efficiency of transcription initiation, for example, by using suitable 
compounds which have an activating effect on transcription. Alternatively, an 
enhancement can be achieved by replacing the naturally occurring promoter by a 
more efficient promoter. 

A repression may be achieved by suppressing expression of the gene, e.g., by 
specifically suppressing transcription from the respective promoter by suitable 
compounds or by rendering the promoter less efficient or non-functional. 

In another embodiment the present invention also relates to a pharmaceutical 
composition. In accordance with the present invention the temi "pharmaceutical 
composition" relates to a composition comprising a nucleic acid molecule comprising 
a nucleotide sequence which encodes an ATP-gated ion channel P2X7R and which 
is selected from the group consisting of: 

(a) a nucleotide sequence encoding a polypeptide comprising the amino acid 
sequence as depicted in SEQ ID NO: 3 or 4; 

(b) a nucleotide sequence comprising the nucleotide sequence as depicted in 
SEQ ID NO: 1 or SEQ ID NO: 2; 

(c) a nucleotide sequence which hybridizes to the nucleotide sequence of (a) or 
(b); and 

(d) a nucleotide sequence which is degenerated as a result of the genetic code 
to the nucleotide sequence of (c). 

Such pharmaceutical compositions comprise a therapeutically effective amount of a 
nucleic acid molecule encoding a functional P2X7R protein and. optionally, a 
phamiaceutically acceptable earner. The phannaceutical composition may be 
administered with a physiologically acceptable carrier to a patient, as described 
herein. In a specific embodiment, the temri "phamiaceuticaily acceptable" means 
approved by a regulatory agency or other generally recognized pharmacopoeia for 
use in animals, and more particulariy in humans. The temi "carrier" refers to a 
diluent, adjuvant, excipient or vehicle with which the therapeutic is administered. 
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Such pharmaceuHoal carriers oan be sterile liquids, such as water and oils. Including 
those Of petroleum, animal, vegetable or synaieSc origin, such as peanut oil. soyt>ean 
o^. mineral oil. sesame oil and the like. Water Is a prefen«J carrier when the 
Phamiaceutical composition is administered Intravenously. Saline solutions and 
aqueous dext«>se and glycemi solutions can also be employed as liquid carriers 
particulariy tor Injectable solutions. Suitable pham^ceutlcal exclpients include stan*' 
glucose, lactose. suc«,se. gelatin, malt. rice, flour, chalk, silica gel. sodium stearate' 
glycerol monostearate. talc, sodium ion, dried skim milk, glycerol, propylene, glycol' 
water, ethanol and the like. The composiHon. if desired, can also contain mino; 
a™unts Of wetting or emulsifying agents, or pH buffering agents. These 
compositions can take the fbm, of soluttans. suspensions, emulsion, tableta pills 
capsules, powders, sustained-release tomiulations and the like. The compositKin cati 
be fom,ulated as a suppository, with tradlOonal binders and carriers such as 
tnglycerides. Oral tomiulation can include standee canlers such as pham»oeutica. 
grades Of mannitol. lactose, starch, magnesium stearate. sodium saccharine 
cellulose, magnesium cart»nate. etc. Examples of suitable phamiaceutlcal oarrlera 
are described in "Remington's Pham,aceutteal Sciences" by E.W. Martin. Such 
compositions wi« contain a therapeutically effective amount of albramentloned 
oompounds. preferably in purified fbm,. together with a sultable amount of canler so 
as to provide the fom, for proper administration to the patient The fbmiulatfon should 
suit the mode of administration. 

In another profaned embodiment, the composition Is fbmiulated In acconlance with 
routine proceduras as a phannaceutical composiUon adapted for intravenous 
administration to human beings. Typically, compositions for intravenous 
administration ara solutions in sterile isotonic aqueous buffer. Where necessan, the 
composition may also include a solubilizing agent and a local anesthetic such as 
l«nocaine to ease pain at the site of the injection. Generally, the Ingradlents ara 
supplied either separately or mixed together in unit dosage fbm,. for example, as a 
dry lyophilised powder or water free concentrate in a hemietically sealed container 
suc!:^as^an^amepule^rs_a5lHtte^ ^ _ 

composition Is to be adminlsterad by infusion, it can "be dispensed wlH, an infusion 
bottle containing sterile pham«c«utical grade water or saline. Where, the composition 
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is administered by injection, an ampoule of sterile water for injection or saline can be 
provided so that the ingredients may be mixed prior to administration. 
The pharmaceutical composition of the invention can be formulated as neutral or salt 
forms. Pharmaceutically acceptable salts include those formed with anions such as 
those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc.. and 
those formed with cations such as those derived from sodium, potassium, 
ammonium, calcium, ferric hydroxides, isopropylamine, triethylamine. 2-ethylamino 
ethanol, histidine, procaine, etc. 

In vitro assays may optionally be employed to help identify optimal dosage ranges. 
The precise dose to be employed in the formulation will also depend on the route of 
administration, and the seriousness of the disease or disorder, and should be 
decided according to the judgment of the practitioner and each patient's 
circumstances. Effective doses may be extrapolated from dose-response curves 
derived from in vitro or animal model test systems. Preferably, the pharmaceutical 
composition is administered directly or in combination with an adjuvant 
The pharmaceutical composition is preferably designed for the application In gene 
therapy. The technique of gene therapy has already been described above in 
connection with the nucleic add molecules of the invention and all what has been 
said there also applies in connection with the pharmaceutical composition. For 
example, the nucleic acid molecule in the pharmaceutical composition is preferably in 
a form which allows its introduction, expression and/or stable integration into cells of 
an individual to be treated. 

For gene therapy, various viral vectors which can be utilized, for example, 
adenovirus, herpes virus, vaccinia, or, preferably, an RNA virus such as a retrovirus. 
Examples of retroviral vectors in which a single foreign gene can be inserted include, 
but are not limited to: Moloney murine leukemia virus (MoMuLV), Harvey murine 
sarcoma virus (HaMuSV). murine mammary tumor vinjs (MuMTV), and Rous 
Sarcoma Virus (RSV). A number of additional retroviral vectors can also incorporate 
multiple genes. All of tiiese vectors can transfer or incorporate a gene for a 
selectable marker so that transduced cells can be identified and generated. By 
inserting a P2X7R sequence of interest encoding a functional P2X7R protein into the 
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«^ ecor. along w«h another gene which encodes,for example, me llgand for a 
raptor on a specmc .a^e. cell, ,or exan,p,e. tt,e vector is no« target spel 
Re.K>«nal vectors can be n,ade target spec«o by inserting for example a 
po^u^eotxie encoding a sugar, a glycollpld. or a p^tein. Those'of sM. in tZL 
know Of. or can readily ascertain without undue expenn^ntaflon specm! 
polynuceosde sequences which can be inserted into the retroviral genome to a tow 

TeXr ""^ °' """"" ''^'^ -^"^ -^-«^e 
S^ce ™combinan. ,etrovin.ses are preferably defecBve, they requi« assistance in 
orter to prt,duce infectious vector particles. This assistance can be p^vi^rfT 
example, by using helper cel. lines that contain plasmWs encoding all of 
genes of «,e retrnvln^s under the contn. o, .egul^ sequenL It 
These plasmlds are missing a nuCeoUde sequence which enables the ^>^Z 
mechan^m to recogn^ an RNA ttanscHpt for encapsidation. Helper ceH ,1^^ 1' 
have deiefons of the pacKaging signal include, but a,e no, limited to w2 
PA12. for example. These cell lines pmduce empty virions, since no g^ome is 
paC^ged.. a .ttovira. vector is int^duced Into such oeUs in which the '"1" 
s«na| « intact but the st^otora. genes a., ^placed by other genes If nter^'Z 
^Ctor can be pacKaged and vector virion pmduced. AitamaJiy, N.h 3^^^ ,he 
t^ue culture cells can be di^dy t^nstaeted plasmids encoding the 

These cells are then Iransfectod with the vector plesmid containing the oenes of 

TyZ ^t^a, T """'^ P^'ynucleotides is a colloidal disperston 

r '^'^"^ ^'^^'"^ '"^'^ macmmolecule complexes 

nan«=apsuies, microspheres, beads, and lipW-based systems including 01^^,^"; 
emu.s»ns. m,celles, mixed micelles, and iiposcmes. The p^fened colL, sZm 

12 ':rr ^ "'^^"'^ ^ "-"^ 

useful as del,ve,y vehicles in vit™ and in vivo. I, has been shown that large 

DN A and inr " " ^^"^ """" '^^ maaomolecules: Ri. A. 

de^ivel , t ^'^'^ ^ *e aqueous interior and be 

delivered to c«lis ,n a biologically active fom, (F,aley. e, ai.. Trends Biochem Sci 
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6:77. 1981). . In addition to mammalian cells, liposomes have been used for delivery 
of polynucleotides in plant, yeast and bacterial cells. In order for a liposome to be an 
efficient gene transfer vehicle, the following characteristics should be present: (1) 
encapsulation of the genes of interest at high efficiency while not compromising their 
biological activity: (2) preferential and substantial binding to a target cell in 
comparison to non-target cells; (3) delivery of the aqueous contents of the vesicle to 
the target cell cytoplasm at high efficiency: and (4) accurate and effective expression 
of genetic infonmatlon (Mannino. etal., Biotechniques. 6:682. 1988). The composition 
of the liposome is usually a combination of phospholipids, particulariy high-phase- 
transitlon-temperature phospholipids, usually In combination with steroids, especially 
choiesterol. Other phospholipids or other lipids may also be used. The physical 
characteristics of liposomes depend on pH. Ionic strength, and the presence of 
divalent cations. Examples of lipids useful in liposome production include 
phosphatidyl compounds, such as phosphatidylglycerol. phosphatidylcholine, 
phosphatidylserine. phosphatidylethanolamine, sphingolipids. cerebrosides. and 
gangllosides. Particulariy useful are diacylphosphatidylglycerols, where the Hpld 
moiety contains from 14-18 carbon atoms, particulariy from 16-18 cari&on atoms, and 
is saturated. Illustrative phospholipids include egg phosphatidylcholine, 
dipalmitoylphosphatidylcholine and distearoylphosphatidylcholine. The targeting of 
liposomes can be classified based on anatomical and mechanistic factors. 
Anatomical classification is based on the level of selectivity, for example, organ- 
specific, cell-specific, and organelle-specific. Mechanistic targeting can be 
distinguished based upon whether it is passive or active. Passive targeting utilizes 
the natural tendency of liposomes to distribute to cells of the rBticulo-endothelial 
system (RES) in organs which contain sinusoidal capillaries. 

In another aspect the present invention relates to a method of treating an affective 
disorder comprising administering a therapeutically effective amount of the 
phannaceutical composition comprising a nucleotide sequence encoding a functional 
ATP-gated Ion channel as described herein above to a subject suffering from said 
disorder. 
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In me context of the present invention «,e tem, 'subJecT means an indMdua. In need 
o, a treahnen, o, an affecdve disorder. Preferably. subject is a vertebmte e"n 
more prefen^ a mammal, particuiariy preferred a human • 

The tem, "administered- mean, administratton of a the^peutlcally effective dose of 
me aforementKH,ed nuCeic add motecule encoding a functional P2X7R protein ,o at 
-nd^dua.. By therapeuBcaliy effec«ve amount- is meant a dose ma. produ^the 
e«.cts for whteh it is administered. T^e exact dose ^11 depend on the p <^ Z 

AS IS knovw, ,n the art and described above, adjustments for systemic vL., 

ocalized delivery, age. body weight, gene., heaith, sex, diet, «me 

dn,g interaction and a,e severity of «,e conditon may be necessary 

ascertainable with routine expenmenta«on bytt,ose sldlled in the art 

The methods are applicable to both human therapy and veterinary applications The 

compounds described herein having the desired therapeuticMty 

DeZ ' "''"''""^'-"^ to a patient as described here^ 

Oependmg upon the manner of int^duction. the compounds may be fbrniutated in a 
vanety of ways as discussed below. The concents o, «,.«peu«ca,nc^e 
compound ,n the f6m,u.a«on may vary f*om about 0.1-100 w. %. Th^ agenL ma^e 
adm««stered alone orin combination with other treatments 

The administration of the pham,aceuUcal composition can be done in a variety of 
ways as d^cussed above, including, but no. Hmited to. orally, subcutan ous.! 

n*Bnasally. intrabronchial. transdem,ally, intr^nodslly, intrarectally, inUaperitoneally 
ntramusculariy, intrapulmonary. vaginally. reCally. or intrallariy T"! ' 
.nstances. for ex^ple. In the treatment o, wounds and InflammaSon. L LZl 
agente may be direcuy applied as a solujion dry spray <=ana.da.e 
The attending physician and clinical factors will detem,lne the dosage regimen As is 
well Known ,n «,e medical arts, dosages for .any one patlen, depends upon^^ 
a<«o., ,nc,ud,ng the pa«enfs size, body surface area, age. the particular »mpou^ 
J?^_^m,n,s.e,^^ 

drugs be.g administered concurrently. A typical dose can be,'for example, in thf " 
range of 0.001 to 1000 pg: however, doses below or above mis exemptery ra;ge are 
envisioned, especially considering the aforementioned facore. 
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The dosages are preferably given once a week, however, during progression of the 
treatment the dosages can be given in much longer time intervals and in need can be 
given in much shorter time intervals. e.g.. daily. In a prefen-ed case the Immune 
response is monitored using herein described methods and further methods known to 
those skilled In the art and dosages are optimized, e.g., in time, amount and/or 
composition. Dosages will vary but a preferred dosage for intravenous administration 
of DMA is from approximately 10® to 10^^ copies of the DNA molecule. If the regimen 
Is a continuous infusion, it should also be in the range of 1 |ig to 10 mg units per 
kilogram of body weight per minute, respectively. Progress can be monitored by 
periodic assessment. The pharmaceutical composition of the invention may be 
administered locally or systemically. Administration will preferably be parenterally, 
e.g.. intravenously. Preparations for parenteral administration include sterile aqueous 
or non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous 
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, 
and injectable organic esters such as ethyl oleate. Aqueous carriers include water, 
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered 
media. Parenteral vehicles include sodium ion solution, Ringer's dextrose, dextrose 
and sodium ion, lactated Ringer's, or fixed oils. Intravenous vehicles include fluid and 
nutrient replenishers, electrolyte replenishers (such as those based on Ringer's 
dextrose), and the like. Preservatives and other additives may also be present such 
as, for example, antimicrobials, antl-oxidants, chelating agents, and Inert gases and 
the like. 

It Is also envisaged that the phamnaceutlcal compositions are employed In co-therapy 
approaches, i.e. in co-administration with other medicaments or drugs, for example 
other drugs for preventing, treating or ameliorating affective disorders. 

Anottier aspect of the present Invention is a pharmaceutical composition comprising 
a compound, the administa^tion of which to cells leads to a reduction of the 
expression of a nucleic acid encoding an ATP-gated ion channel P2X7R in the cells 
or comprising a nucleic acid molecule the expression of which in cells or the 
administration of which to cells leads to a reduction of the expression of a nucleic 
acid encoding an ATP-gated ion channel P2X7R in ttie cells. Said pharmaceutical 
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may be .sefu. for .^aBng IndMduals having an ,nc,«ased anxH,n.of «,e 
P2XrR protein or expression levei as described hereinabove. 

Preferably. «,e abovewnenSoned phan„aceu«ca. compositton is an an«sense nucleic 
aad, .a nbozyme, a co-suppressive nucleic add, iRNA or siRNA 

2r.r ^"^^"'^ «2001), Nature 411. 494- 

498)) I. « a,so envisaged in accordance wim this invention that for example short 
ha.n»n RNAs (shRNAs) ere employed in accordance with this inven«on t 
Pharmaceutioal composition. The shRNA approach for gene silencing is well Known 
^ ttie art and may comprise the use of st (small temporal) rnas: see. inter alia 
Paddison (2002) Genes Dev. 16. 948-958. 

AS menaoned above, approaches for gene silencing are known in the art and 
compnse "RNA--approaches like RNAi or sIRNA. Suocessft,l use of such approach 
has been shown in Paddison (2002) loc. dt. Hbashir (2002) Methods 26. 199-213- 
Nmnna (2002) Mat. Med. June 3. 2002; Don^ (2002) Nud. Adds Res. 30 e4e- Paui 
2002, Nat. Bioted, 20. 505-508; Lee (2002) Nat Biotech. 20. 500-505 Cg^W 

SUPPR T • ""-^ "'^ vector-based, e.g. me 

Yu (2002) too. at: Mryagishi (2002) toe. dt or Brummelkamp (2002) loc dt 
A cornpound whtoh leads to a reductton of the expression of the P2X7R gene may 
be a compound whidi acts on the regulatory region of the gene and thereby 

descnbed herein below. 

Thelnvention also relates to the use of a nucleic add molecule encoding a fundionai 
.P2X7R prwern as described herein above in connection with the phamraceutlcal 
composn»n for the preparatton of a phamiaceutlcal composilton for treating an 

affective disorder. . . » 



Furthemrore. the present invention relates ,o a meth'od ^f Seating an a^^ 
disorder comprising administering a therapeutically effective amount of the nudeic 
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add molecule according to the invention or a therapeutically effective amount of the 
corresponding encoded polypeptide to a subject suffering from said disorder. 

In another preferred embodiment the present Invention relates to a pharmaceutical 
composition comprising, inter alia, the polynucleotides according to the present 
invention. I.e. polynucleotides having mutations and/or deletions as described 
hereinabove. Such phamnaceutlcal compositions may, e.g., be useful for treating 
individuals having an Increased or amount of the P2X7R protein or having a P2X7R 
protein showing an Increased activity which can be determined as described 
hereinabove. It is envisaged that, e.g. a non-functional P2X7R protein comprised by 
said phamiaceutlcal composition is incorporated in a P2X7R complex which naturally 
exists in cells as described hereinabove. It Is also envisaged that the above- 
described techniques for gene therapy can be used for treating an individual with the 
nucleic acid molecules of the present invention, mutatis mutandis. 

With respect to the possible modes of administration and preferred embodiments the 
same applies as has been set forth above. 

Additionally, the present Invention also envisages the use of the nucleic acid 
molecules, the vectors, the polypeptides, the antibody and/or the aptamer according 
to the invention for the preparation of a phamiaceutlcal composition for the treatment 
of an affective disorder. 



A further aspect of the present invention is the use of a modulator of P2X7R activity 
or expression for the preparation of a phamiaceutical composition for treating an 
affective disorder. In the context of the present invention the temi "modulator" 
means (a) compound(s), a complex of compounds, (a) substance(s) or complex of 
substances which can modify, i.e. modulate the activity of P2X7R or the expression 
of P2X7R. The modulation can. for example, occur at the protein level. Partlculariy, 
the P2X7R protein may interfere with the modulator such that it is either more 
active or less active. The modulation can also occur on nucleic acid level. Namely, 
the gene is transcribed more frequently or less frequently giving rise to more or 
less protein. Modulation can also Influence RNA or protein stability. 
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m a p-^ferred embodiment safd modulator is selected from the group consisBno of 
P.pend.e and pipe^ne derlvaBves. ad^mane derivatives, subsBtuted pInW 
impounds o^ddized ATP. 2-CH4-benzoylben«,yl,adenosine.5.trtphospbate 3^3 
0-(4-benzoylbenzoyl)adenosine-5-triphosphale as fnr ov . ^ 

"I^OOVA^n^ wo 91/44213; WO00/71S,Q. WO 01/46200 T^ ^ Vf 
A compound of general formula: 




^are A ,s phenyl or a 5- or e^mbe^d heterocyclic ring containing one or two 

he.e«,a.oms seteced ,*om 0. N or S: and optionally substituted by c,^^, hal^ 

n*o. am«o. aMamlno. OF. SO.Me. NHSCMe oroyano; B is C=a NH or Sot x 

« C=0. CH(Me,, O or (CH.)p where p is 0 on ; Y is O. CH2, NH or S- Z fe cfo o^ 

S02. provided that when Z Is C=0 thenYisO th ™ c o ■ k . 

R' is hv«i™=„ K , ^ ^ ®' " "y'^'osen or C^lkyl; 

NHCOaH<y,. NHSO^IKyl. morpholine. NRV", pipe.^„e subs«,uted by pZJ 

saturated nng system optionally containing a nltK^en atom, plperid J 

: tr'""" c ^ ~ ring containl^Trs 

hete^atoms C« cyCoalKyI opBonally substitute, by alKyl. cyano or hyd,o^. or C« 

r I °" " """^ """^ ^ oyano. fluoro 

substituted by hydroxy or alkriyu- i„ t..^ . 
NHCO^ . CONH. or a 5 or e^embered satuiated ring containing an oxygen atom 
a Snnembered hetenx^dlo ring <»n.alning one or two heteroatoms se iJo. 
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N or S, or phenyl optionally substituted by one or more groups selected from alkyi, 
hydroxy, amino, alkoxy, or nitro; R^is alkyi; is a cyclopentane ring; R® is phenyl; 
and are independently hydrogen, benzyl, alkenyl, cydoalkyl. alkyi optionally 
substituted by hydroxy, alkoxy, cyano. dialkylamino, phenyl, pyridyl or COzR^^ or 
and R^° together form a 5- to 7-membered saturated or partially saturated ring 
optionally containing a further heteroaton and optionally substituted by one or more 
groups selected from alkyl (optionally containing an oxygen atom in the chain and 
optionally substituted 14 by hydroxy), COalkyI, CO2R". COR^R^*. CHO or piperidine. 
R^^ is hydrogen or alkyl; R^^ |s alkyl; and R" and R^* are independently hydrogen or 
alkyl. is or a phamnaceutically acceptable salt or solvate thereof. 



A compound of general formula: 




(I) 

wherein A represents a group CH2 or an oxygen atom; B represents a hydrogen or 
halogen atom; D represents a group CH2, OCH2. NHCH2 or CH2CH2; R represents a 
phenyl, benzothiazolyl. indolyl. indazolyl, purinyl. pyridyl, pyrlmidinyl or thiophenyl 
group, each of which may be optionally substituted by one or more substituents 
Independently selected from a halogen atom or a cyano, carboxyl, hydroxy!, nitro, 
halo-Ci-Ce-alkyI, -N(R^)-C(=0)-R2, -C(0)-NR3r*, -UR^r\ Ca-CS-cycloalkyI, 3- to 8- 
membered heterocydyl, Ca-Ce-cycloaikyioxy, Ci-Ce-aikylcarbonyl, phenoxy, benzyl, 
CrCe-alkylthio. phenylthio, Ci-Ce-alkoxycarbonyl, Ci-Ce-alkylsulphinyl or Q-Ce- 
alkylsulphonyl group, or a Q-Cs-alkyl or CrCe-alkoxy group optionally substituted by 
one or more substituents independently selected from a halogen atom or an amino, 
carboxyl, hydroxyl. CrCe-alkoxy, (di)Ci-C6-alkylamino. CpCe-alkoxycarbonyl. 
imidazoiyi, morphollnyl, piperidinyl or pyrrolidinyl group; R^ represents a hydrogen 
atom or a Ci-Ce-alkyI or Ca-Cs-cycloalkyI group; R^ represents a CpCe-alkyI or Ca-Ce- 
cydoalkyl group; and R^ R^ R^ and R« each independently represent a hydrogen 
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atom or a CKValkyI or Cs-CrcyctoalkyI group; with the provisos that when A is CH. 
11, T .° " R not rep^sent a phenyl. or«K«arboxypheny I 

CH.CI^ end R represents a subsfltuted phenyl group, me substituent or substltueots 
P^sent o no. In an ortho pos«lon. a CCalKoxy group substituted by t 

am,no (d.)CV(Valkylan,lno. imdarolyl. morpholinyl. piperidlnyl or pyrrolldinyl JLp- 
or a phamiaceutlcally acceptable salt or solvate thereof. 

A compound of general tomiula: 

1 




A 



where-n x represents 1 or 2; A represents a group CH. or an oxygen atom- B 
neprosents a hydrogen or halogen atom; R represents a phenyl. 
"^lazolyl, pyrimldlnyl or thiophenyl group, each o, which mayT opt^ 
subs^tuted by one or moro subs^tuenU Independently selected ftom a haloT^m 
or an g^,^, ^^^^ ^ CrCValkyl, halo-CrCralkyl -WRh 

?^°r,r H ; '^'"^^y- <=rCVa-l«.xyca*ony.. CWVa«^u,ph,ny, or 
C^C^ Msulphonyl group, or a Crf^^lKocy. Q^Kytemino. phenoxy. benzyl'c. 
C^lMm.o or phenylthio group optionally subsftuted by one or mcro substlL4 
ndependenuy selected ftom a IS halogen atom or an amino, cyano. caCT 
hydroxy. n*o. 1-pyn,.ndinyl. in^iperidlnyl. CKValkyl. C-cValkoxy, (dl,C^ 
alkylammo. ha'o^rCe^lM.CK^raltoxycarbonyl or one of the following groU- 
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CH, , y (8 2 to 3. 




represents a hydrogen atom or a Ci-Ce-alkyI or CyCs-cycloalkyI group; 
represents a Q-Ce-alkyl or Ca-Cs-cycloalkyI group; and R* each independently 
represent a hydrogen atom or a Q-Ce-alkyl or Ca-Cs-cycloalkyI group; R^ represents 
a-hydrogen atom or a Q-Ce-alkyl or Ca-Cs-cycloalkyI group; R® represents a C3-C8- 
cycloalkyi group and. additionally, a Ci-Cs-alkyl group when R^ is not a hydrogen 
atom; R^ represents a hydrogen atom or a CrCe-alkyl or Cs-Ca-cydoalkyI group; R® 
represents a CrCe-alkyl or Cs-Cs-cycloalkyI group; R® represents a hydrogen atom or 
a hydroxyl group; and R^° represents a hydrogen atom or a phenyl or imidazoiyi 
group; with the provisos that R does not represent an unsubstituted pyridyl group 
when A represents a group CH2 and B represents a hydrogen atom, and that when R 
represents a substituted phenyl, indolyl or indazolyl group, the substituent or 
substltuents present do not comprise an amido, carboxyl, (di)CrC6-aIkylamido or C|- 
Ce-alkoxycarbonyl group in an ortho position; or a pharmaceutically acceptable salt or 
solvate thereof. 

A compound of general formula: 




wherein D represents CH2 or CH2CH2; E represents C(0)NH or NHC(O); R^ and R^ 
each independently represent a hydrogen or halogen atom, or an amino, nitro, Ci-Ce- 
alkyl or trifluoromethyl group; R^ represents a group of formula: 
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X represents an oxygen or sulphur atom or a group NH. SO or SOj; Y represents an 
oxygen or sulphur atom or a group NR". SO or SO.: Z represents a group -OH -SH 
-CO,H. C^koxy. C-Ce-alkyHhlo. C-Cralkylsulphlnyl, C-CValkylsulphonyl '. 
NR R , -C(0)NR R . Imidazolyl. 1 -methylimidazolyl, -N(R")C(0)-C,-Ce-alkyl 0, c. 
alkylcart>onyloxy. C,-Cralkoxycart»nyloxy, -OC(0)NR«R». .OCH,OC(01R> 
OCH0C(0)OR« or .O0(O,0CH,OR^e, ^ '^^^^^ 

represents a C-Cralkyl group; R^ R', R». r-, rio, r,3 ^,3 ,3,, independently 
represent a hydrogen atom, or a C,-Ce^lkyl group optionally substituted by at least 
one hydroxyl group; R" represents a hydrogen atom, or a C-Ce^y, g^™ 
optonally substituted by at least one substtuent independently selected from 
hydroxyl and C-C^alkoxy; and R", R« and R'» eachindependentlyrepresent a C,- 
C^alkylgroup; with the provisos that 0) when E represents NEC(0). X represents 0 
S or NH and Y represents O, then Z represents -NR»R' where R» represents a 
hydrogen atom and R' represents either a hydrogen atom or a C-C^alkyl group 
substituted by at least one hydroxyl group, and (ii) when E represents NHC(0) X 
represents O, S or NH. Y represents NH. and R= represents OH^H. then 2 Is n^t . 
OH or .mklazolyl; or a phannaceirtteally acceptable salt or solvate thereof. 

A compound of general formula: 




-wITereinTD represents (airoFCTiCfferFe-^^^^^^ 

each .ndependently represent hydrogen, halogen, amino, nitro. C,-CValkyl or 
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trifluoromethyl, but and may not both simultaneously represent hydrogen; R^ 
represents a group of formula 

^<^^ 

represents a Ci-Ce-alkyI group; X represents an oxygen or sulphur atom or a 
group NR^^, SO or SO2; R^ represents hydrogen, or R^ represents Ci-Cs-alkyI or C2- 
Ce-alkenyl, each of which may be optionally substituted by at least one substituent 
selected from halogen, hydroxyl, (dl)Ci-C6-alkylamino, -Y-R®. 



NH 

Z, and a 5- or 6-membered heteroaromatlc ring comprising from 1 to 4 
heteroatoms independently selected from nitrogen, oxygen and sulphur which 
heteroaromatlc ring may itself be optionally substituted by at least one substituent 
selected from halogen, hydroxy! and Ci-Ce-alkyI; Y represents an oxygen or sulphur 
atom or a group NH, SO or SO2; R^ represents a group -R^Z where R^ represents a 
CsrCe-alkyI group and Z represents an -OH, -CO2H. -NR^R®, -C(0)NR^°R" or - 
N<R^^)C(0)-Ci-C6-alkyI group, and, In the case where Y represents an oxygen or 
sulphur atom or a group NH, R® additionally represents hydrogen, Ci-Ce-alkyI, Ci-Ce- 
alkylcarbonyl, Ci-Ce-alkoxycarbonyl. -C(0)NR^*R^s, -CH20C(0)R^®, 
CH20C(0)0R^^ br -C(0)0CH20R«; R« R^, R^", R^^ and R^^ each independently 
represent a hydrogen atom or a CrCe-alkyI group; R^^ represents hydrogen, Ca-Ce- 
cydoalkyl, Ca-Cs-cycloalkylmethyl, or R" represents a Ci-Ce-alkyI group optionally 
substituted by at least one substituent selected from hydroxyl to and Ci-Ce-alkoxy; 
and R^^ R^®, R^®, R^^,and R^° each independently represent a Ci-Ce-alkyI group; with 
the proviso that when E is C(0)NH. X is O, NH or N(Ci-C6-alkyl), then R^ is other 
than a hydrogen atom or an unsubstituted Ci-Ce-alkyl group; or a pharmaceutically 
acceptable salt or solvate thereof. 



A compound of general formula: 
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Wherein rn represents 1. 2 or 3; each Independently represents a hydrogen or 
halogen atom; A represents C(0)NH or NHC(O); Ar represents a group 




or 




0(CH.)«, 0(CH^« o. 0(CHd„0(CHd„. CR-(OH). (CH.),.0(CHd, fCH / 

CONR^ NR»CO, S(0,„. S(0,CH. CH^(0,„. SO ^R^ ^^Tr-So' : r 1 2 
rep.«sent8 a hydrogen atom or a Chalky, group; one of R^ and R' rep,«senis a 
hatogen cyano. nitro. amino. hyd«>xyl, or a group selected ftom (i) Chalky, 
o^nally subs«.u.ed by a. leas, ce C3.C^c,oa,M. (il) CCrcyCoalM, (,„, c,.^ 
alMo^ opfconally subs«u.ed by a. least one Ca-Ce^yCoalKyl, and (iv, C ^ 
cyoloalMoxy. each of these g^ups being optionally subs«tuted by one or rJi 
fluonne atoms, and the other o, R^ and represents a hydrogen or hatogen atom; 
ertherR represents a 3- to 9-membe,ed saturated or unsa.u,atod aliphatic 
hete^cycc „ng system containing one or ^«o ni.«,gen atoms and opUonJly an 
oxygen atom, the heterocyclic ring system being optionally substituted by one or 
more substihienls independendy selected Iron, fluortne atoms. hydro=^, cart>oxyl 
cyano, CrCe-alkyl, C,-Crhydn>xyalkyl. -NR«R'. -(CH,)^R»R' and CONR«R' r is 1 ' 
^^.-4^?_or-6;^presents^.|»yd,g85n.^tem-Gf.aHe,-S^ 
9^P. R and R' each independency .present a hydrogen atom or a C,Cm 
CWhydroxyalkyl or Ca^Jrcycloalkyl group, or R« and R' together with the nitragen 
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atom to which they are attached form a 3- to 8-membered saturated heterocyclic ring; 
with the provisos that, (a) when A represents C(0)NH and R'* represents .an 
unsubstituted 3- to 8-membered saturated aliphatic heterocyclic ring system 
containing one nitrogen atom, then X Is other than a bond, and (b) when A 
represents C(0)NH and X represents a group (CH2)i^ or 0(CH2)i^. then does not 
represent an unsubstituted Imidazolyl, unsubstituted morphollnyl. unsubstituted 
piperldlnyl or unsubstituted pyrrolldlnyl group, and (c) when A represents NHC(O) 
and represents an unsubstituted 3- to 8-membered saturated aliphatic 
heterocyclic ring system containing one nitrogen atom, then X is other than a bond, 
and (d) when A represents NHC(O) and X represents 0(CH2)i^. NH(CH2)i^ or SCH2. 
then R* does not represent an unsubstituted 1-piperidinyl or unsubstituted 1- 
pynolidinyl group, and (e) when A represents NHC(O) and X represents 0(CH2)2- 
3NH(CH2)2. then R* does not represent an imidazolyl group; or a phamiaceutlcally 
acceptable salt or solvate thereof. 



A compound of general formula: 




X represents a nitrogen atom or a group C{R^y. Y represents an oxygen or sulphur 
atom or a group NR«; either R^ and R^ each independently represent a hydrogen 
atom or a CrC4-alkyl group but do not both simultaneously represent a hydrogen 
atom, or R^ and R^ together represent a group -CH2ZCH2-; Z represents a bond, an 
oxygen or sulphur atom or a group CH2 or NR^; m is 0 or 1 ; R^ represents a 5- to 10- 
membered unsaturated ring system which may comprise from 1 to 4 ring 
heteroatoms Independently selected from nitrogen, oxygen and sulphur, the ring 
system being optionally substituted by one or more substituents independently 
selected from halogen, nitro. cyano, NR°R^ CrC4-alkyl-C(0)NH-. NHR^2c(o)_. c,- 
C4-alkyl-S02-. C,-C4-alkyl-S02NH-, Q-C4-alkyl-NHS02-. C,-C4-alkoxy. and CrC4-alkyl 
optionally substituted by one or more fluorine atoms; R^ represents a phenyl or 
pyridinyl group, each of which is substituted in an ortho position with a substltuent 
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selected from halogen. CrC4-alkoxy. CK:.-alkyHhlo, ^ CrC^iKy, opBonally 
substituted by one or more fluorine atoms, the phenyl or pyridinyl gn,up being 
optionally further substituted by one or more substituents independently selected 
from halogen, cyano. hydroxyl, CrCralkylthio. CrC4-alkyl^H-. NHR".C,-C.-alkyl 
CrC^-alky^SOr. CrC4-aIkyl^O.NH-. CrC4-alkyl-NHSO^. CrC4-alkyl-C(0)NH- C,' 
C4-alkyl-NHC(OK -D-G. CrC4-alkoxy optkmally substituted by -NR'-R" or by R'» 
and CrC.-alkyl optionally substituted by one or more fluorine atoms or by one or 
more hydrijxyl groups, or represents a 9- or lo^embered unsaturated bicydlo 
nng system which may comprise from 1 to 4 ring heteroatoms independently selected 

substituted by one or more substtuents independenBy selected from hatagen oxo 
CrC4-alkyl, C,-C4-alkoxy, C.C4-alkylthio and -NR'<>R"; d represents an oxygen'atom 
or a group (CHJ.sub.n or CH.NH; n is 1, 2 or 3; G represents a plperazinyl 
morphoiinyl or 2.SHliazabicyclo[2.2.1]heptyl group, or G represents a piperidlnyi 
group optionally substituted by amino; R= represents a hydrogen atom, ora hydroxyl 
or CrC4-alkoxy group: R« represents a hydrogen atom, or a cyano, nitro. hydroxyl Q. 
C4-alkyl or CrC4^lkoxy group; R'. R« and R« each independently represent a 
hydrogen atom or a CrC4-alkyl group; R" and R" each Independently represent a 
hydrogen atom or a CrC4-alkyl group, or R» and R" together with the nitrogen atom 
to Which they are attached fom, a S- or e^nembered satureted heterocyclic ring 
««,prislng one or two ring nitrogen atoms; R« represents a hydrogen atom, or a C,- 
C4^lkyl group optionally substituted by amino; R" represents a hydrogen atom or a 
CrC4-alkyl group optionally substituted by hydroxyl: R» and R" each Independently 
represent a hydrogen atom or a CrC4-alky. group optionally substituted by hydroxyl 
orR andR together with the nitrogen atom to which they am attached font, a S- or 
6Hi,embered saturated heterocyclic ring comprising one or t™> ring nitrogen atoms- 
and R represents a 1-(CrC4-alkyl).piperidinyl group; with the proviso that when m ij 
0. X is N and Y is O. then R' does not represent. 2-benzothia2ol«l: or a 
pharmaceuticaiiy acceptable salt or solvate thereof. 



A compound of general fbnnula: 
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Wherein: each independently represents a hydrogen or halogen atom, or a 
trifluoromethyl, cyano, nitro, Ci-Ce-alkyI or Ci-Ce-alkoxy group; T represents an 
oxygen atom or a group NH; U represents an oxygen or sulphur atom or a group NH; 
Ar represente a group: 



X represents a bond, an oxygen atom or a group CO. CH2, CH2O, 0(CH2)m, 
CH2OCH2. NR'. CH2NR®, NR^CHz. CH2NR^CH2. CONR^ S(0)„ or SOzNR^ m is 1. 2 
or 3; 15 n is 0. 1 or 2; one of R^ and R^ represents a halogen, cyano. nitro. amino, 
hydroxyl, or a group selected from Ci-Ce-alkyI optionally substituted by at least one 
Cg-Ce-cycloalkyl, Ca-Cs-cycloalkyI, Ci-Cg-alkyloxy optionally substituted by at least 
one Ca-Cs-cYcioaikyI, Ca-Cs-cycIoalkyloxy, S(0)pCi-C6-alkyl or S(0)qC3-C8-cycloalkyl. 
each of these groups being optionally substituted by one or more fluorine atoms, and 
the other of R^ and R^ represents a hydrogen or halogen atom or a methyl group; p is 
0. 1 or 2; q is 0. 1 or 2; R4represents di(Ci _2alkyl)N(CH2)t where t is 0, 1 or 2 or 
imidazolyl, or R* represents a 3- to 9-membered saturated heterocyclic ring system 
containing one or two nitrogen atoms, the heterocyclic ring system being optionally 
substituted by one or more substltuents independently selected from fluorine atoms, 
hydroxyl, Ci-Ce-alkyl. acetyl, hydroxyCi-Ce-alkyl. -NR^R^. -(CH2)rNR®R^ -CONR^R^ 
and pyrimidinyl. or R"* represents a 3- to 8-membered saturated carbocyclic ring 
system substituted by one or more substltuents Independently selected from -NR®R^, 
-(CH2)rNR®R^, -CONR^R^ the ring system being optionally further substituted by one 
or more substltuents independently selected from fluorine atoms, hydroxyl and Ci-Ce- 
alkyl; r Is 1, 2. 3, 4, 5 or 6; R^ represents a hydrogen atom or a Ci-Ce-alkyI or Ca-Cs- 
cycloalkyl group; and R® and R^ each independently represent a hydrogen atom or a 
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C^C^lkyl or C^s-cydoalM group, or R« and R' together wfth the nit^gen atom to 
«-h,ch they are attached fom, a 3- to S^embered saturated heterocydrrnr 
ppd that When ^ .ep^ 3 cyano g.up. then X . other thanTrr^. o a 
pharmaceutically acceptable salt or solvate thereof. 



A compound of general formula: 




„2 ' ^ f^epresents a pyridyl or pvrimidlnvl 

op onairy subsfctuted by one or nK„e subsBtuents independen«y selected frL . 
^ogen aton, or an amino, cyano. hyd^xyl, ni.„., C-Ce-alky,. ha.o-C,-C.a,M C,! 

alkoxyca*onyl. C,-Ce^,Msulph.ny,, C,.<Va,Msulphonyl, -NR'SO.R^ or ^O.NR=r" 
group, or a g^up .Z.(CH.)p.2-(CH.),-H therein each Z Independency ^presents a 
Xnd"^::;" T ^" '""^^^ <» « and .rs 0 or an .nUge: .^m'to 
and R and R each .ndependently represent a hyd«^n atom or a C^lky, I J, 
™er «.th the nit^gen atom .0 which they are attached torn, a ;JdM ^ 
p.pend,nyl group; or a pham,aceutioally acceptable sal, or solvate iher^. 

d,sorde.. by administrating an agent modulaUng the activity o, P2X7R. such as an 
antagonist of the P2X7R. The tem, "antagonisT means an agen, or dn,g or a 
compound ma. opposes «,e physiological efl^ of another. Examples of P2X7R 

aTr : • "°' '"^^ ^'""-"'noNnes 

-Bnd.-.he.r.^e,«at,ves^^-^ubs«tu,ed^heny^TS5^ 

P^e^ne deHvatives. P2X7R antagonists a. descHbed In the a« and include *e 
compounds found In Chga e. al.. Bioconjugate Chem. 13 (2002). IIOO-III1. 
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WO 99/29660; WO 99/29661 : WO 99/296896: WO 00/61569: WO 01/42194; 
WO 01/44170; WO 01/44213; WO 00/71529- WO 01/46200, P2X7R activity can also 
be modulated by RNA-based interference mechanisms and metliods such as, but not 
limited to, small interference RNA (siRNA) molecules, and long douWe-stranded RNA 
(dsRNA). 



In a further embodiment, the invention provides a method for treating affective 
disorders by administrating an agent modulating the activity of P2X7R such as an 
agonist of the P2X7R. The tenn "agonist" means an agent or a compound that can 
interact with a receptor and Initiate a physiological or a phamiacological response 
characteristic of that receptor. Examples of P2X7R agonist include but are not 
restricted to ATP. ATP-4, and BzATP (2- and 3-0-(4-benzoylbenzoyl)adenosine 5- 
triphosphate). 



Dosage, pharmaceutical preparation and delivery of P2X7R modulating agent for use 
in accordance with the present invention may be fbnnulated in conventional manner 
according to methods found in the art, using one or more physiological caniers or 
exciplent, see, for example Ansel et al.. "Phamiaceutical Dosage Fomis and Dmg 
Delivery Systems". 7*^ edition. LIpplncott Williams & Wilkins Publishers, 1999. Thus, 
the P2X7R modulating agent and Its physiologically acceptable salts and solvates 
may be fonnulated for administration by inhalation, insufflation (either through the 
mouth, or nose), oral, buccal, parenteral, or rectal administration. 

For oral administration, the pharmaceutical composition of the P2X7 modulating 
agent may take the form of, for example, tablets or capsules prepared by 
conventional means with phamnaceutical acceptable excipients such as binding 
agents (e.g., pregelatinlsed maize starch, polyvlnylpyn-oiidone. hydroxypropyl 
methylcellulose). fillers (e.g.. lactose, mlcrocrystalline cellulose, calcium hydrogen 
phosphate). lubricants (e.g., magnesium stearate, talc, silica), disintegrants (e.g.. 
potato starch, sodium starch glycolate), or wetting agents (e.g., sodium lauryl 
sulphate). Liquid preparations for oral administration may take the fomi of, for 
example, solutions, syrups, or suspensions, or may be presented as a dry product for 
constitution with water or other suitable vehicle before use. Such liquid preparation 
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may be prepared by conventional n,eans wNt, pharniaceuBcalftr a«=eptebre addiflves 
uch as suspend ngagenu (e.g., so«o.. syn,p. cellurose dertva«ves. hydrogenatL 

memy, or propy|.p.hydro=<yoa*onate,. sortc adds). The prepa,^Uons may al^ 
contain ^er salts, flavouring, co.oH„g 3weeten,ng agents as dle2 
appropnate. Preparations for oral administraUon may be suitably tonnulated to gh« 
controlled release of the agent modulating P2X7R activity. 

For administration by inhalaticn. the agent modulating P2X7R activity for use 
according to fl,e present inventen is conveniently delivered in the fom, of an aerosol 
spray presentauon from a pressurised pack or a nebulizer, with the use o, a suCl 
propellent (e.g., dlchiorodifluoromethane. trichlorofluoromethane 
d,cHlo,o.e.^fluoroeB,ane, carbon dioxide or other suitable gas,. In the " 
P^sunsed aerosol. tf» dosage unit may be detemrined by providing a valve to 
de^r a ..etered amount Capsules and oartrWges of, for example, gelatine, for use 
in an mhaler or rnsufBator may be formulated containing a powder mix of the P2X7R 
ac^vrty modulating agent and a suitable powder base such as lactose or starch 

An a^n. modulating P2XrR activity may be fomnulated for parenteral administration 
^.jct^n. for example, by b<.us InjecHon or conflnuous infusion. Site of injections 

'^'"^ " sub-cutaneous. Fom,ula«ons for injection 

Zat a^T ™-). and 

™* an added presen^tive. The agent modulating P2X7R activity may take such 

m'Tr " °' ™y 

n ^'"'"^"S- <" "-■''-'"S agents 

Mematve^r. the agent may be in powder fom, for constitution «.th a suitabte Ide 
(e.g., stenle pyrogen-free water) before use. 

^-^^.m?iM!atlngJ12X7Ra_c^^ 

d^penser devnce which may contain one or more unit dosage fom,s containing "the 
said agent The padc may for example comprise metal or plastic foil, such as blister 
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pack. The pack or dispenser device may be accompanied with instmctlon for 
administration. 

In a more preferred embodiment the aforementioned methods or uses are envisaged 
to treat affective disorders selected from the group consisting of major depression, 
generalized anxiety disorder and bipolar disorder. 

In a particularly prefened embodiment said major depression is selected from the 
group consisting of major depression, dysthymia. atypical depression, premenstrual 
dysphoric disorder and seasonal affective disorder. 

In another particularly preferred embodiment said generalized anxiety disorder Is 
selected from the group consisting of panic disorder, phobias, agoraphobia, social 
phobia, specific phobia, obsessive-compulsive disorder, post-traumatic stress 
disorder, separation anxiety disorder, mania, hypomania and cyclothymic disorder. 

A still also particularly prefen-ed embodiment is that said bipolar disorder is bipolar 
disorder type I or bipolar disorder type II. 

Additionally, the present invention relates to a kit comprising the nucleic acid 
molecule, the vector, the host, the polypeptide, the antibody or the aptamer, the 
primer or pair of primers of the invention or the molecule as identified or 
characterized In a method herein below of the present invention. 
Advantageously, the kit of the present invention further comprises, optionally (a) 
reaction buffer(s). storage solutions and/or remaining reagents or materials required 
for the conduct of scientific or diagnostic assays or the like. Furthemiore. parts of the 
kit of the invention can be packaged individually in vials or bottles or In combination 
in containers or multicontalner units. 

The kit of the present invention may be advantageously used, inter alia, for canying 
out the method of producing a polypeptide of the Invention, the method(s) of 
identification and/or characterization of molecules specifically interacting with P2X7R 
ATP-gated ion channels as described herein below and/or it could be employed in a 
variety of applications refen-ed herein, e.g., as diagnostic kits, as research tools or 
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tt.e.^peu«c tools. Addi«o„a„y. kit of the Invention may contain means for 
detection suitable for scientltic. medical and/or diagnostic purposes The 
manufachire of the kits follows preferably standam pnxedures which are known to 
the person skilled In the ait 

Furthermore, the present inventton relates to a method for identifying impounds or 
mixttrr^s of compounds which are capable of specifically interacttng with a 
po^ypeptkie of the present Invention, comprising the steps of (a) contacting a 
polypeptWe of the present Invention with a candidate compound or mixture of 
compounds to be tested; and (b) detem,ining whether said Is capable of specifically 
«terac*ng with said polypeptMe. The polypeptide may be provided directly or by 
expmsston of a conesponding nucleic add molecule or vector of the invention e g 
in vrtro or in a suitable host cell. ' 

Additionally, the present Invention relates to a method for the characterbatlon of 
compounds which are capable of altering characteristics of the polypeptides of the 
present invention, comprising the steps of (a) contacting a polypeptide of the 
rnventron wrth said compound; and (b) detemiining whether the compound alters a 
Characteristic of said polypeptide. 

The tern, "altering characteristic of the polypeplWe of the present Inventfon- means 
that the ftrnctional characteristics to the polypeptides of the present Invention in 
companson to functional characteristics which they had before being contacted with 
the compounds identified by the above^escribed method: as described hereinabove 
are altered; I.e. changed. 

Saw identWcation and/or characterizatfon of which are capable of interacting with 
or altering characteristics of the polypepUde of this invention, may be. inter alia 
achieved by transfecting an appropriate host with a nucleic acid molecule oi 
,^_^^^^!^^P'i^^.b^^ arej,ot limited to.HEK293 cells or are injected 
into liog oocytes, preferably a Xenopus oocyte"fo7functionlfe,^re^«rrd5din:~"" 
Methods Enzymol. 207 (1992). 266). Expressed P2X7R ATP^ated channels can 
be examined using standard two^lectrode voltage damp tedinlques fStuhmer 
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Methods Enzymol. 207 (1992), 319; Kohler. Science 273 (1996), 1709). After 
expression of a P2X7R ATP-gated Ion channel as defined herein, membrane 
currents may be deduced In the absence and/or presence of the molecule to be 
identified and/or characterized. Methods for the deduction of membrane currents 
are well known In the art and comprise, e.g., patch clamp methods as described in 
Hamili, Pfluger's Arch. 391 (1981). 85-100 or two-electrode voltage damp In 
oocytes, as described In Methfessel . PflQgers Archive 407 (1986), 577-588. in 
accordance with the present invention the term "interacting with the polypeptides of 
the present Invention" means that the polypeptides of the present invention interact 
directly and/or indirectly with compounds identified by the method described above. 
Furthemiore, the present invention relates to a method of screening for molecules 
which are capable of interacting with the polypeptide of this invention, comprising 
the steps of (a) contacting a polypeptide of the invention with a molecule; and (b) 
measuring and/or detecting a response; and (c) comparing said response to a 
standard response as measured in the absence of said candidate molecule. 

The present invention also relates to a method for identifying a compound which Is 
capable of enhancing or reducing the expression of the P2X7R gene comprising 
the steps of contacting a cell which expresses the P2X7R gene from Its natural 
promoter or a reporter gene driven by the P2X7R pronioter and detennlning 
whether the expression of the gene is increased or reduced when compared to 
conditions in which the compound is not present 

Potential candidate molecules or candidate mixtures of molecules may be, inter alia, 
substances, compounds or compositions which are of chemical or biological origin^ 
which are naturally occum'ng and/or which are synthetically, recombinantly and/or 
chemically produced or compounds or compositions described hereinabove. Thus, 
candidate molecules may be proteins, protein-fragments, peptides, amino acids 
and/or derivatives thereof or other compounds, such as ions, which bind to and/or 
interact with wild-type P2X7R ATP-gated ion channels. Such binding and/or 
interacting candidate compounds may be found employing, inter alia, yeast two- 
hybrid systems or modified yeast two-hybrid systems as described, for example In 
Fields. Nature 340 (1989). 245-246; Gvuris. Cell 75 (1993), 791-801; or Zervos. Cell 
72 (1993). 223-232. 



82 



Furthennore, potential candktate molecules may be contacted witt, a cell, such as an 
oocyte or a HEK 293 ce«. which expresses a polypepttde of the inventon or with a 
membiane patch comprising a polypeptide of the Invention and a corresponding 
jonse Onter alia, a dose^ponse .sponse, a current-response, or single current 
Channel response) may be measu«l in onier to elucidate any effect said candidate 
molecuie causes. 



^ tor IdentKylng. 

e^^ng and for screening of molecules which are cap*le of inte,Bc«nr^ 

T '"^"^ '° """Prtse so- 

cal ed h,gh*,„ughput screening methods and similar app^aches which are laK>wn 
2 the an SBfincec, Biotechnol. Bioeng. 61 (1998). 61^7; QHsnbuia. Annu Rev 
Med Chem. 33 (1998), 301-311) ca^ed out using gS-well. 3;Z;:;Js36-wel ^ 
other) commen^ialiy available plates. Further methods te be employed In accontance 

rdor-Tr"""" '™ "°* '^^^ >-«'«>^ Huo^scence 

redouts .n h,gh*™uohput scteemngs (as described, inter alia, in Eoee. D,x,g 

r P^R A^Ttf"*"" .n^or screening of molecules capable of InteraCng 
wrth P2X7R ATP^iated .on channels can, inter alia, employ hosts as defined herein 
wh«h exp^ss the polypeptide of the present invention. Cel^based assay, 
.nstrumemafon for said assays and/or measurements are wel|.l„K,wn in «,e art L 
descnbed. ,nter alia, in Ggnzal^ Doig Discovery Today 4 (1999). 431-439 or 
to!. Drug Discovery Today 4 (1999). 401^10. I, Is also envisaged that the high 
through pu, soeens described herein are conducted by using, for example oRNA i e 
^the^c RNA from a cDNA constn^, ^„ ^ ,„^,^ ,„ ^, 
Xenopus oocytes using routine methods In the art. As an exampte. direct nucleic acid 
inaction can be employed, such as the Eppendorf m.cm.niec«on . system 
(M,cromn,puia.or 5171 and Transjector 5242). The Injectedtensfomied cells can be 
J!^S5l-!orion_cunH!&_s6ogt^ 

commonly practiced in the art. " 
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Additionally, the present Invention relates to a method for the production of a 
phamnaceutical composition comprising the steps of a method of the invention for 
identifying, characterizing and/or screening of molecules which are capable of 
Interacting with and/or altering the characteristics of a P2X7R ATP-gated Ion channel 
of the invention and further comprising a step, wherein a derivative of said identified, 
characterized and/or screened molecule is generated. Such a derivative may be 
generated by, inter alia, peptidomimetics. 

The invention furthermore relates to a method for the production of a pharmaceutical 
composition comprising the steps of a metiiod of tiie Invention for identifying, 
characterizing, screening and/or derivatizing of molecules which are capable of 
interacting with and/or altering ttie characteristics of a P2X7R ATP-gated ion channel 
and fomnulating the molecules identified, characterized, screened and/or derivatized 
in pharmaceutically acceptable form. 

In a more preferred embodiment the present invention relates to a method wherein 
said molecule(s) comprise(s) (a) neuroprotective, (a) nootatipic and/or (a) antiepileptic 
molecule(s). 

Yet another embodiment of the invention is the use of a P2X7R polypeptide, in 
particular those according to the present invention, to identify biological, chemical, or 
pharmacological agents that can have an anfidepressive effect The temi 'agent* 
refers to a chemical compound or composition capable of inducing a desired 
therapeutic or prophylactic effect when property administered to a subject or cell. For 
example, the present invention allows the generation of cells expressing P2X7R for 
the identification and characterization of agents which modulate ionic influx and 
efflux. For example, HEK293 cells, or ottier cell lines (e.g., HCN-1A. HCN-2, HIT- 
T15, RIN-m5F. betaTC3, PC12, HT22, SH-SY5Y, Neuro2A or CA77). can be stably 
tiransfected with cDNA encoding the human P2X7R and plated in 12, 96 and 384 well 
plates. Said cells are cultured in appropriate medium. Examples of such medium are 
well known in the art, see, for example Freshnev. "Culture of Animal Cells: A Manual 
of Basic Technique, 4th edition, Wiley-Liss Publishing, 2000. 
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Sa,d cells can then be pre^ncubated wHh said agents for 15 min prior to stimulation 
With 3 mM ATP for 10 minutes. Reactions are then tem,inated by rapid aspiration of 
the extracellular medium In each well. The cells In each well are subsequently 
extracted overnight with 1 ml 10% HN03. Potassium (K*) content in the extracts can 
be detemiined by atomic absorbance spectrophotometry. Agent function Is then 
measured by the percent inhibition or stimulation of the release triggered by 3 mM 
ATP and compared to K+ release in the absence of the agents. P2X7R acHvity can 
also be monitored according to the movement of calcium (Ca2+; see Denver et al 
Dmg Discov. Today 7 (1998). 323-332; Gonzalez et al., , Dmg Discov. Today 9 
(1999). 43M39; Heimch^n j^nri Waters Eur. J. Phamiacol. 447 (2002). 119-129) 
Agents can also be verified in the absence of ATP. 

P2X7R activity can also be monitored accorting to secretion of neurotransmittere 
such as glutamate and GABA. Neurotransmitter levels in treated cells can be 
quantified by suitable methods, e.g.. Enzyme Unked ImmunoabsortDent Assay 

Perfo^ance Uquld Chromatography 
(HPLC). Using these methods, a large number of compounds can be screened for 
increase in neurotransmitter (for example, glutamate) secretion. The release of 
glutamate can be measured for example by Ruorometric glutamate release assays 
(e.g.. Amplex Red Glutamic Add/Glutamate Oxidase Assay Kit, Molecular Probes) or 
High-Throughput ElectroPhysiology. 

in another embodiment, cells are Iransfected with nucleic acid constmcts encoding a 
reporter gene regulated by the P2X7R promoter (see above), an increase or 
decrease in the expression of the reporter gene In response to biological or 
phamiaceutical agents can be analyzed using methods that detect levels or status of 
protein or mRNA present In the corresponding cell or detect biological acth,lties of the 
reporter gene. Suitable reporter molecules or labels, which mav be used, include 
radionucleoHdes, enzymes, fluorescent, chemllumlnescent or chromogenic agents as 
jye!Us_subs4ates.,B^^jsaQhlWto^ 

such drug screening assays are weH known in the art; see Haoay ed.. 'Advances in 
dn,g discoveiy techniques'. John Wiley and Sons. 1998; Voael .nr. eds 'Dmg 
discovenr and evaluatk,n:Pham,aceutical assays'. Springer-VeriagBertin. 1997) For 
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example, drug screening in animal models, in vitro tests using animal cells, or in vivo 
tests involving toxicology tests in animals. An in vitro model can be used for 
screening libraries of compounds in any of a variety of drug screening techniques. 

Candidate agents encompass numerous chemical classes, though typically they are 
organic molecules, preferably small organic compounds ha>nng a molecular weight of 
more than 50 and less than about 2,500 Daltons. Candidate agents comprise 
ftjnctional groups necessary for structural interaction with proteins, particularly 
hydrogen bonding, and typically include at least an amine, carbonyl, hydroxyl or 
carboxyl group, preferably at least two of the functional chemical groups. The 
candidate agents often comprise carbocydic or heterocyclic structures and/or 
aromatic or polyaromatic structures substituted with one or more of the above 
functional groups. 

Candidate agents are also found among biomolecules including peptides, amino 
acids, saccharides, fatty acids, steroids, purines, pyrimidines, nucleic acids and 
derivatives, structural analogs or combinations thereof. Candidate agents are 
obtained from a wide variety of sources including libraries of synthetic or natural 
compounds. For example, numerous means are available for random and directed 
synthesis of a wide variety of organic compounds and biomolecules, including 
expression of randomized oligonucleotides and oligopeptides. Altematively, libraries 
of natural compounds in the form of bacterial, fungal, plant and animal extracts are 
available or readily produced. Additionally, natural or synthetically produced libraries 
and compounds are readily modified through conventional chemical, physical and 
biochemical means, and may be used to produce combinatorial libraries. Known 
pharmacological agents may be subjected to directed or random chemical 
modifications, such as ac^lation, alkylation, esterification, amidification, etc. to 
produce structural analogs. 

Another technique for drug screening, which may be used, provides for high 
throughput screening of compounds having suitable binding affinity to the protein of 
interest as described in published PCT application WO 84/03564 . In this method, as 
applied to the proteins of the invention large numbers of different small test 
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compounds, e.g. aplamers. pepBdes. lo«Hno|ecuIar weight compounds etc a« 
provided or synthesized on a solid sut^trate. such as plastic pins or some '^ther 
surface. The test compounds are reacted with the proteins or fragments thereof and 
washed. Bound proteins are then detected t>y methods well known In the art. Purified 
P«.te,ns can also l» coated directly onto plates for use In the aforementioned drug 
screening techniques. Alternative^,, non^eutrallzing antibodies can be used to 
captu,« the peptide and Immobilize K on a solid support. In ano«ier embodiment one 
m^ use competitive dmg saining assays in which neutralizing antibodies capable 
of binding the protein specWcally compete with a test compound for binding the 
protein. In this manner, the antibodies can be used to detect the presence of any 
peptide, which shares one or more antigenic deteimlnants with the protein. 

The present Invention further particulariy provides a method, wherein the 
Phannaceutical composition to be produced further comprises neuroprotective 
substances, nootrophic substane«s. brilliant blue, pipertdlne or derivatives thereof 
adamantine derivatives, substituted phenyl compounds, oxidized ATP 2-0-(4^ 
benzoylbenzoyl)adenosine*.riphosphate or 3.CH4-benzoyibenzoyl)adencsine.5- 
tnphosphate. It Is also envisaged that the pham,aceutlcal compositions to be 
produced further comprise antidepressants such as fluoretine, paroxetine, sertreline 
fluroxamine. mirtazapine. reoretlne. nefazodone or IHhlum cart>onate. 

in a preferred embodiment of the present invention, the compounds of the 
aforemenfloned methods comprise antagonlst(s). partial antaBonlst(s). partial 
agonist(s) and/or agonlst(s) for an altered ATP-gated Ion channel P2X7R. 

in accoKlance with the present invention, the tem, "antagonist" denotes 
molecules/substances, which are capable of inhibiting and/or reducing an agonistic 
effect. The tem, "antagonist" comprises competitive. nonK»mpetitive . functional 
and chemical antagonists as described. Inter alia, in Ma)^ 
^^^e,m,sej«^ 



Stuttgart. Gem,any. The tem, "partial antagonist" in accoKlance with the present 
invention means a mdecule/subslance.that Is capable of incompletely blocking the 
action of agonists through. Inter alia, a non-competltlve mechanism 
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In the context of the present invention, an antagonist is preferably a drug that does 
not provoke a response itself, but blocks agonist-mediated responses. It is a 
chemical entity that opposes the receptor-associated responses normally induced 
by another bloactive agent. For the P2X7R. the antagonists have an IC50 between 
10 nanomolar and 300 micromolar. 

As "agonist", in accordance with this invention, molecules/substances are denoted 
which have an affinity as well as an Intrinsic activity. Mostly, said Intrinsic activity (a) 
is defined as being proportional to the quotient of the effect, triggered by said agonist 
(EA) and the effect which can be maximally obtained in a given biological system 
(Emax): therefore, the intrinsic activity can be defined as 

a- ^ 

The highest relative intrinsic activity results from EA/Emax=1. Agonists with an 
intrinsic activity of 1 are full agonists, whereas substances/molecules with an intrinsic 
activity of >0 and <1 are partial agonists. Partial agonists show a duallstic effect. I.e. 
they comprise agonistic as well as antagonistic effects. 

Preferably. In the context of the present invention, an agonist (or full agonist) is an 
endogenous substance or a drug that can interact witii a receptor and initiate a 
maximal or complete physiological or a pharmacological response characteristic of 
Uiat receptor. ATP. tiie natural ligand for the P2X7R. is an agonist with an EC50 of 
300 micromolar while the synthetic P2X7R agonist Bz-ATP has an EC50 of 8 
micromolar. Thus, agonists of P2X7R have an EC50 equal or below 300 micromolar. 
The EC50 is defined as the- concentration of agonist that provokes a response half 
way between the baseline response and maximum response on a dose response 
curve where the X-axIs plots concentration of an agonist and the Y-axis plots ion 
cunent. An Inverse agonist (also called negative antagonist) is a drug which acts at 
the same receptor as that of an agonist, yet produces an opposite effect. A partial 
agonist is an endogenous substance or a dmg that also provokes physiological or a 
pharmacological response but, the maximum response is less than the maximum 
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response ,o a m agonist «ga„,less of «,e amount of d™g applied. In «,e case of 
P2X7R. paitel agonists have ECSOs higher than 300 micromoiar. 

The person skilled in «,e art can. therefore, easily employ me compounds and the 

IT Z'^r^ ^' ^ ^ - agonistic and/or antago i I 
effects and/or characteristics of a compound/moiecuie/substance to be identified 
an*or characterized in acoKdance with any of the above described mett^t^ 

rr j:- z r**"' ^""^ " ^^^^^^ ^^^^ ^mpn^g 

the mutat,on(s) and/or deletion(s) described he,einabove may be usl.1 to 
reestablish the properties nom,ally shown by wild^ P2X7R ATP^ated Ion 
^annels An identifled agonist of the ATP^ated Ion channel P2X7R comprising the 
mu^.on(s, and/or de.e«on(3, described he«lnabove may be usen., to :esta,ll 
the lost functionality of the P2X7R ATP-gated Ion channel. 
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The Figures show: 

Figure la. Genomic map of the region on the human chromosome 12 associated to 
bipolar aifective disorder. Genes found between markers NBG11 and NBG2 are 
depicted. 

Figure lb. Graphic illustrating the multipoint analysis using ASPEX on Independent 
sib-pairs. 

Figure 1c. Graphic illustrating the multipoint analysis using ASPEX on all sib-pairs 

Figure Id. Graphic illustrating the ASPEX sib_phase by considering only 
independent sib-pairs 

Figure 1e. Graphic Illustrating the ASPEX sib_phase by considering all sib-pairs ' 

Figure 2. RT-PGR analysis of the complete coding sequence of P2X7R In different 
tissues 

Figure 3. P2X7R expression in the olfactory bulb, hypothalamus and ependymal 
cells in the brain of a stress-free mouse. Magnification 100X. 

Figure 4. P2X7R expression in the hippocampus/dentate gyrus and subcommlsural 
organ in the brain of a stress-free mouse. Magnification 100X. 

Figure 5. Floating behaviour In the forced swim test. Passive stress coping behaviour 
decreased after long-tenm treatment with the antidepressant paroxetine (Par28: 
treated with paroxetine for 28 days, per os). Basal n=8: vehicle n=8; Par28 n=8. 

Figure 6. Comparative analysis of P2X7R expression in the olfactory bulb of stress- 
free, vehicle-treated and antidepressant-treated mice. Magnification 100X. 
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figure 7. Comparative analysis of P2X7R expression in me iiypothalamus of slress- 
fnee. treated^afed and anSdepressant-tiBated mice. Magnificatton 100X. 

figure 8. Comparative analysis of P2X7R expression In ependymal cells of st.«ss- 
free. vehide-lreated and antidepressant-treated mice. Magnification 100X. 

figure 9. Comparative analysis of P2X7R expression in the hippocampus of stress- 
free, vehide-treated and antidepressant-treated mice. MagniflcaHon 25X. 

figure 10. P2X7R expression in the hippocampus of a vehicle Seated mouse 
Magnification 26X. mouse. 



Figure 11. P2X7R expression in the hippocampus of a mouse treated with the 
antidepressant paroxetine. ly/Iagnrfication 25X. 

"^X'R *e dentate gyrus of a mouse treated 
with the antidepressant paroxetine. Magniflcation 400x. 

figure 13. Comparative analysis of P2X7R expression and apoptotic ceils in the 
hjppcoampus of a mouse treated with the an«depressant parexetine. n^agniflcaUon 

figure 14. Floating behaviour In the forced swim test. Passive stress coping 
behaviour increased after acute intrehippocampal (bilateral, dentate gyrus) of sIRnI 
targeting P2X7R. Vehicle n,7: control RNAn=10:P2X7RslRNAn=9. 

' t^rr"™ "'^^ "'PPOcampus of mice 

treated with vehicle, control RNA and of siRMA targeting P2X7R. l«agnification lOOX 
upper row. 25X lower row. 



""^ ^ '"•^ '^^'^ PoVmorph^s,;; ^ .he" 
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A better understanding of the present invention and of its many advantages will be 
had from the following examples, offered for illustrative purposes only, and are not 
intended to limit the scope of the present invention in any way. 

EXAMPLE 1 

Linkage analysis of Bipolar Affective Disorder in a fiomogeneous human 

population 

41 families of different sizes containing a total of 485 sampled individuals from the 
region of Saguenay/Lac St-Jean were used In the linkage analysis. Individuals were 
distributed according to their diagnoses as follows: 105 individuals afflicted with 
Bipolar Disorder type I (BPI) or schizoaffective disorder bipolar type; 42 individuals 
diagnosed witti Bipolar Disorder type II (BPII); 54 Individuals with recun-ent major 
depression; and 57 individuals with single episode major depression. The remaining 
227 individual unaffected and normal. For the purpose of the calculation, the 
following classification was used: individuals diagnosed with either- BPI, 
schizoaffective disorder, bipolar type. BPII and recurrent major depression were . 
considered as affected (n=201); individuals with a single major depression episode 
were scored as unknown phenotype (n=67); and all ottiers diagnoses as unaffected 
(n=227). 

Blood samples from each individual were collected in 10-ml K3 EDTA Vacutalner 
tube (Becton-Dicklnson) and genomic DMA was isolated by Puregene DNA Isolation 
kit (Centra Systems). Blood was poured into 50 ml conical tube and diluted witti four 
volume of Red Blood Cell Lysis Solution. After an incubation of 10 minutes at room 
temperature, the tube was cenbifuged for 10 minutes at 2.000 g and supematant was 
removed leaving behind cell pellet and 200-400 pi of the residual liquid. Cells were 
resuspended by vortexing the tube and 9 ml of Cell Lysis Solution were added with 
up and down pipetting. 40 pi of RNAse A Solution (20 mg/ml) were added and the 
sample was mixed by Inverting the tube several times. Sample was incubated at 
37°C for 15 minutes and cooled to room temperature. 3 ml of Protein Precipitation 
Solution were added to cell lysate. Tube was vigorously vortexed for 30 seconds and 
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cenwuged at 2.000 g for 10 minutes. Supernatant was poured Into a new h,h 
conteln^g 9 lOOVlsop^panol. San,^e was .Ixed .^^..^J^ZT:, 
t.mes. Tube ^ cenWfuged at 2.000 g for 5 minutes. The DNA white IZZ 
washed wm. 10 ml 70% ethanol and the tube was cen^^eTaT 2 OOO ' foT^ 
mrnutes. EU,anol was poured off and pellet allowed to partially air dHNA 
so^^n .00 .1 . O.. H.d.«on Solu„on. Hnal JcentreLrraZdT 



A ft^oresoent^sed method was used for the genotyping of microsatellite ma*ere 
Bnefly. the reg,on encompassing each repeated sequence was ampllfil^rreR 

laoie ^, me PGR reaction was performed using 10na of DMA 
0,2 unit of Ta, platinum ONA polymerese (,nvl.»gene. CA. mMTd^TrH 

le oTTr;:r ^-^ •■"-each pdme;::t^ 

nM. " '"^^ * 3 minutes to activate the Taa 

;s^eswerepe.om^:rfo:e:^;:r:;r^^^^^^^^^ 

for 30 seands. Finally, the samples were lncul«ted at 72'C for 30 ^^T^ 
*e PCR ampimcatfon samples were pooled acco.in .T^erdyllleir 
n an I^SC'T ''^ -""^^^ ^'-^ -pie were sepZd 

were analysed using Genemapper2 (Applied Blosystems Ino CA USA> ^ 
compiled in a 4D database fAriiwi h • . 

»L, oataoase (ACIUS) designed In a IWadntosh environment as 

^ ^' - - ^-mpsychlatr. 
Sn^Jtir' ""'"'^ "^'^ ^ '^"'^ ««oomblna«o„ 
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Table 2. Genomic markers used for the linkage analysis 





dye 


A Hal a 

length 
(bp) 


uisiance 
(q) 


Cumulative 
distance 
(CM) 


Heterozygosity 
(%) 








U.U loD 


0.00 


74.5 






^u^-^ 1 o 


U.UUo 


1-37 


65.5 


U I^O lOOO 


c^A^il 


Ovl ^ 00*1 


0.001 


1.97 


66.9 




VIC 


253-261 


0.001 


2,07 


38.3 


U12S1721 


VIC 


263-299 


0.005 


2.17 


72.1 




VIC 


166-188 


0.011 


2.67 


73.3 


NdGd 


NED 


182-218 


0.0115 


3.79 


73.9 




VIC 


156-180 


0-0035 


4.95 


68.9 




PAM 


174-186 


0.001 


5.30 


49.7 






1 65-207 


0.009 


5.40 


64.2 


NBG4 


NED 


171-199 






ACS A 
OD.4 


NB63 


. VIC 


182-206 


0.006 


6.41 


64.8 


NBG2 


VIC 


171-199 




7.01 


54.2 



Haldane's map function was used for cumulative distance in cMorgans. 



For blpoint parametric analysis, MOD score analysis were used where parametric 
LOD score were maximized over genetic models. 
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The followrng results ^ obtained umler MOD score analysis for ^ve models. 
Table 3. MOD scow analysis for recessive models 




Model-free LOD score studies using ANALYZE. slbj,hase f^m the ASPEX V1 85 

'^=^^'sonhnenpittedu/do^ „,.,.h,n.l) and SIMWALK2 (Sobel and 
Vanas. An, J Hun Gene. 56 (1996). 1323-1337, were perfonned to ^aly^^^;:^^ 
hanng among affected sib^»l,s. The ANALYZE pmg,am weig^te sibs 2 
aocord,ng fo .heir size. The ASPEX sibj-hase program uses allele Liuen^ to 
-»ns.~C missing ,nfom««on. and is taitored for data sets ^ ^^nTa^ 
n,«s.ng. tart additional typed children may be used to .cons.n,ct and pha^ 
parents SimWalK2 is a s,a«st,cal genetics computer appllca«on for hapX 
pa— c linkage, non-parametnc linkage (NPL). Identity by descent (IBDrTd' 

rrriTT" ^ ^'""^^"^ '^•^ ^onte 

^do MCMC, and simulated annealing a.gor.u,ms to perfom, ..ese mui^poin, 



ASFEXsib^hase.»«„sed.«*t(.<«Q^mBUta^^ 

.ndependen, sib pairs: secondly, by using all affected slb^»ir combinaLs. ArP^ 
was perfonned for bii>oint and multipoint calculations. 
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The bi-point results observed with ANALYZE and ASPEX are shown In Table 4. 



Table 4. Bi-point results observed with ANALYZE and ASPEX 



Locus 


Distance 
(q) 


Cumulative 
distance 
(cM) 


Sit>-pair from 
ANALYZE 
LOD score 


sib Dhase 
LOD score 
indep. sib-pairs 


LOD score 
all sit>-Dairs 


D12S1619 


0.0135 


0.00 


2.31 


2.55 


3.14 


NBG11 


0.006 


1.37 


2.83 


2.72 


3.27 


D12S1666 


0.001 


1.97 


1.01 


2.52 


3.14 


NBG5 


0.001 


2.07 


0.50 


2.52 


3.13 


D12S1721 


0.005 


2.17 


1.57 


2.51 


3.12 


NBG8 


0.011 


2.67 


0.51 


2.24 


2.75 


NBG6 


0.0115 


3.79 


2.55 


2.11 


2.64 


NBG9 


0.0035 


4.95 


0.49 


1.65 


1.97 


NBG10 


0.001 


5.30 


0.77 


1.45 


2.10 


NBG12 


0.009 


5.40 


0.47 


1.44 


2.17 


NBG4 


0.001 


6.31 


1.21 


1.29 


3.07 


NBG3 


0.006 


6.41 


1.84 


1.29 


3.07 


NBG2 




7.01 


1.24 


1.22 


3.00 



SIMWALK2 computed four different statistics based on descent trees. These 
statistics measure the degree of clustering among the marker alleles descending 
from the founders. 



Statistic A is the number of different founder-alleles contributing alleles to the 
affected it is most powerful at detecting linkage to a recessive trait Statistic B is ttie 
maximum number of alleles among the affected descended from any one founder- 
allele and most powerful at detecting linkage to a dominant trait. Statistic C is the 
•entropy- of the marker alleles among the affected. Statistic D is the extent of allele 
sharing among all affected pairs as measured by their IBD kinship coefficient 
Statistics C and D are more general statistics indicating whettier a few founder- 
alleles are overly represented among the affected. 

Table 5 shows the results observed with SIMWALK2. The authors signal that p- 
values should be generally conservative. They are expressed as -Log(p-values). For 
con-espondence purpose, -Log(0.05)=1,30. -Log(0.01)=2. -Log(0.001)=3 etc. 
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Table 5. SIMWALK2 analysis 




' ^' t^f.cyoiju 

(fZ iH'' ^^^"^ '•^'^ used 

(Figure 1b). The maximum LOO score value was observed at NBG11. 

10). The maximum LOO score value was observed at NBG11 but a second 
appeared at NBG4 and NBG3. secona peak 

Multipoint and bi-point LOD score values computed by ASPEX were similar The 
^ pea. Observed when all slb-pa,rs are used, may be e^Z by *e 

r ^ "'^ ^'=^ Sharif 1 

chror^soma, regron telomenc to NBG12. This kind o, individual, has a large impT^ 

on LOO score values when all sib-pairs are used Instead o, one siJ^alrTte 
situation was observed In two sibships. 

Strata analysis was subsequently perfomred. Although HOi«OG did not detect 
evidence for heter^eneKy. a homogeneit,- test was constructed based on^ll^ 
sha^ found rn selected chromosomal .gions. Only 20 of the 41 families were ut^ 
Jor-m,s^,paly,.S-smce4he^*em^»H,otgeno,»ped,nal^m^^^ 
marker wm,ln «,e selected regions, the proporton of alleles shared 'bD by 11^ 
s.^. was estimated wHh ASPEX (sib^hase). For each region retained, t^e 
pn^on Of shared alleles was used as variable for a PHncipa. Component Anai^^I 
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and the first principal component as an index of linkage. Correlation analysis was 
done on these indexes to detect heterogeneity (correlation < 0) or epistasis 
(correlation > 0). Fisher algorithm was used to classify into two groups of families as 
linked or unlinked to a particular locus. A negative correlation was observed between 
the chromosome 12 region and the chromosome 15 area (r=-0.51; p=0.023). Cluster 
analysis suggested that 11 families out of 20 were linked to chromosome 12, This 
sub-sample was called the strata. 

This strata Included 11 families (266 sampled Individuals) that include 52 BPI or 
schizoaffective disorder, bipolar type, 20 BPII and 28 recurrent major depression 

The following MOD score values Illustrated in Table 6 were obtained under recessive 
models. 



Table 6. MOD scores under recessive models 



Locus 


Distance 
(q) 


Cumulative distance 
(CM) 


LOD score (qmax) 


D12S1619 


0.0135 


0.00 


4.03 (0.08) 


NBG11 


0.006 


1.37 


4.98 (0.00) 


D12S1666 


0.001 


1.97 


1.49(0.12) 


NBG5 


0.001 


2.07 


0.79 (0.14) 


D12S1721 


0.005 


2.17 


4.23 (0.06) 


NBG8 


0.011 


2.67 


2.79 (0.00) 


NBG6 


0.0115 


3.79 


5.06 (0.06) 


NBG9 


O.O035 


4.95 


1.57(0.14) 


NBG10 


0.001 


5.30 


1.73(0.00) 


NBG12 


0.009 


5.40 


1.65 (0.12) 


NBG4 


0.001 


6.31 


4.60 (0.08) 


NBG3 


0.006 


6.41 


4.84 (0.06) 


NBG2 




7.01 


2.80 (0.06) 



Model-free LOD score results obtained with ANALYZE and ASPEX applied to the 
strata are shown in Table 7. 
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Table 7. Model-free LOD score obtained with ANALYZE and ASPEX 




Model-free results observed with SIMWALK2 are Illustrated in Table 8. 



STAT(D) 
-Log(p- 
value) 




7T " ^ ^ '^'^ only 
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A confidence interval was calculated. GENEFINDER (Liang et al., Am. J. Hum. 
Genet. 66 (2000), 1631-1641) was used to estimate the location of the susceptibility 
gene (say t). The method is based on the IBD (Identity by Descent) sharing of 
affected sib-pairs for multiple markers. For the purpose of our analysis, pedigrees 
were divided into sibship. 56 nuclear families and 183 sib-pairs were used. Liang 
KY, Huang CY. Beaty TH (2000) A unified sampling approach for multipoint analysis 
of qualitative and quantitative traits in sib pairs. Am J Hum Genet 66:1631-1641 

The GENEFINDER results points to localization of a susceptibility gene for affective 
disorders at 3.19 ± 0.446 cM telomeric to the marker D12S1721 (D12S1721 is 
approximately located at 136.82 cM on the sex-averaged Marshfield chromosome 12 
map). 

95% C.I.: [2.32, 4.06]; 
99% C. I.: [2.03, 4.35] 
99.9% C. I.:I1.71,4.67] 

From the strata, 24 nuclei, and 107 sib-pairs were obtained, and the location of the 
susceptibility gene was estimated at 3.07 ± 0.57 (see map above). The following 
confidence inten^al (C.I.) was obtained: 

95% C.I.: [1.95, 4.19]; 
99% C. I.: [1.59,4.55] 
99.9% C. I.:[1.18,4.96] 

An association study using the NBG microsatellite markers was done with CLUMP 
(Sham & Curtis. Ann. Hum. Genet. 59 (1995), 97-105). Samples were distributed as 
follovy: 83 male/case; 124 female/case; 95 male/control; and 101 female/control. One 
thousand simulations were used to estimate p-values. The observed results are 
summarized in Table 9. 
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origtoal table aga.niXe1<Sl X?o1,ii''Srurs''>' "^"^ <" *e 



EXAMPLE 2 

Physic, mapping and «u,a..on analysis o,ch™moson.e 12 assoc.«,ng «.o 

P2X7R to Bipolar Affective Disorders 

The most conservative prediction for th^ hsc 
between marke.. NBG11 and ^60^^ t^'^'^'^^'^'^ ^^^^n Is Included 

accordinr^rrr ^^^^^^^^ 

accordmg to linkage and association analysis described In Examole i 

genethon markers and NBG markers Th*. . • ^ ' "^'"^ 

Mh T«, markers. Tlie approximate length of this region Is 5 p 

Mb. Two major gaps (between FLJ10701 and FLJ-^P'^tp L . 

■ w'ui and FU32372. and between FLJ1466 and 
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MONDOA) were included In this region. At least 73 genes were listed in this area, 
where 48 are known genes and 25 are unknown but associated to mRIMA and/or EST 
clusters based on the last genome assembly available at UCSC (November 2002). 
Predicted genes were not listed. However, the estimation of CI 99% (confidence 
Interval) using GENEFINDER has limited the most Interesting region between 
markers D12S1666 and NBG9. This genomic region covers 1.6 Mb and includes at 
least 28 genes, and has no major gap. Thus, the temn fBAD (familial Bipolar Affective 
Disorders) region to describe the genomic segment between D12S1666 and NBG9. 
Genes found within this region Include CaMKK2, CABP, P2X7, P2X4, PIN, PI_A2, 
GIB, CIT, PXN, Rab35. and APC5. However, given the present art, it would not have 
obvious to an ordinary person skilled in the art to select P2X7R as the gene 
associated with affective diseases. Other genes from the ones listed above would be 
obvious. 



For example, the CaMKK2 gene (also known as Ca^VCalmodulin-dependent protein 
kinase kinase beta, or CaMKKb) is a serine/threonine protein kinase involved in Ca^* 
dependent signalling pathways. CaMKK2 can activate In vitro the downstream 
kinases CaMKIV and CaMKi. which modulate gene transcription through 
phosphorylation of transcription factors (e.g., CREB, SRF. MEF2; Corcoran and 
Means. J. Biol. Chem. 276 (2001), 2975-2978; Soderiino. Trends Biochem. Sd. 24 
(1999). 232-236). Its role in the Ca^* cascade is not critical. Some studies suggest 
that CaMKs could be activated without the CaMKKs phosphorylation (Matsushita and 
NaiEQ. J. Biol- Chem. 274 (1998), 10086-10093). However. CaMKK phosphorylation 
step would contribute to amplification of the Ca^ signal since CaMKK is more 
sensitive to activation by Ca^VCalmodulin, ttierefore CaMKK would be an important 
mediator when the levels of Intracellular Ca^* are low (Anderson et al., J. Biol. Chem. 
273 (1998), 31880-31889). 

CaMKK2 is an obvious target for depression since prior art suggest that cAMP- 
dependent signaling pathways (mediated by PKA activation) is be affected in brain 
from patients with Bipolar Affective Disorders (ReW et al., J. Neurochem. 73 (1997), 
1704-1710; Rahman et al., J. Neurochem. 68 (1997). 297-304; TakahashI et al., J. 
Neurosci. 19 (1999). 610-618). According to a study using lymphoblastic cell lines. 
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Bipolar disorder could related to a elevated intracellular calcium levels (Yoon et al 
Mol. Psychlatnr 6 (2001). 678^83). Moreover, some groups found relations between 
antidepressant drugs and CaMK activation (BudgszejA^ et al.. Br. J. Phamiacol 
130 (2000). 1385-1393: Consogno et al.. Neuropsychophamiacology 24 (2001) 21- 
30: et al.. Neuropharmacology 40 (2001). 448-456- ZanottI et al 

Neuropham^acology 37 (1998). 1081-1089). Furthemiore. Inhibition of CaMKK by 
PKA-mediated phosphorylation suggest a close relationship between both pathways 
(Matsushita et al.. J. Biol. Chem. 273 (1999). 21473-21481). These observations 
would suggest to a person skilled in the art that CaMKK2 is the gene responsible for 
bipolar affective disease. 



Another obvious candidate for affective disordei^ would have been the CABP1 gene 
Which generates four neuronal Ca^^-binding protein by alternative usage of the 9 
coding exons. which are L-CABP. S-CABP. calbraln. and caldendrin (Haesel^r et 
al.. J. Biol. Chem. 275 (2000). 1247-1260). Their expression is almost totally 
restricted to brain tissues. A functional study on calbraln reveals Its negative effect on 
Ca /Calmodulih-dependent CaMKII activity by competitively interacts with the CaM- 
bmding domain of CaMKII (V^magughi et al.. J. Biol. Chem. 274 (1999). 3610-3616) 
One would expect similar roles in Ca^* signaling for other CABP1 alternative 
products. Participation of CABP1 gene in Ca-^ependent signaling pathways would 
make it obvious to one skilled in the.art to select this gene as a candidate for bipolar 
affective disorder. However, all CABP1 exons were analyzed for the presence of 
mutations, and surprisingly only two mutations were detected in noncoding regions. 

The PIN gene (Protein inhibitor of NOS (Nitric oxide synthase)) is another obvious 
candidate responsible for bipolar affective disorder. Nitric oxide (NO) in the brain 
may be involved in apoptosis. synaptogenesis. and neuronal development. Because 
NO cannot be stored in vesicles like other neurotransmitters, its release Is reaulated 
by the activity of NOS (Nitric oxide synthase). PIN is a direct inhibitor of NOS by 
^bjnding^^s^biL2lng_^^^ 

Science 274 (1996). 774-777). PIN is highly conserved throughout the evolution and 
.s expressed in many cell types. A recent, clinical study evaluating plasma nitrate 
levels in depressive states suggests that NO production is increased in depression 
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(Suzuki et al.. J. Affect. Disord. 63 (2001). 221-224) and may result from a deficiency 
•n NOS inhibition. Moreover In a mouse model. NO synthase antagonists have been 
linked to antidepressant properties (Harign et al.. 1999; Karolewicz et al., Eur. J. 
Phannacol. 372 (1999). 215-220). Thus. PIN would be an obvious However, due to 
the pleitrophic action of NO. a deficiency in PIN function would generate many 
unrelated disorders throughout the body. Thus, without the information presented in 
the disclosure herein, a person of ordinary skills In the art would have predicted PIN 
and not P2X7R as the gene associated with affective disorders. 

The human phospholipase A2 group IB (PLA2G1B) catalyses flie release of fatty 
acids from glycero-3-phosphocholines. Phospholipase A2 genes (PLA2) are 
expressed in many tissues. Some studies have demonstrated associations between 
excessive PLA2 activity in brain and affective disorders (Ghana et al.. Neurbchem. 
Res. 23 (1998), 887-892; Hibbein et al.. Biol. Psychiatry 25 (1989). 946-961). 
Moreover, other genetic studies have found associations between PLA2G1B gene 
and bipolar affective disorder (Dawson et al.. Psychiatr. Genet. 5 (1995). 177-180). 
Thus. PLAG1B represent a likely candidate for affective disorders. However In the 
present example, only a single silent mutation was found within exon 3 of the 
PLAGIBgene. 

The human citron kinase gene. Rho-associated protein (CIT) is a 183 kDa protein 
which associates to ttie GTPase Rho. CIT shares strong similarity with ROCK and 
ROK proteins which are oflier Rho-associated kinases (Madaule et al.. Nature 394 
(1998). 491-494). Rho GTPases are Involved in many processes such as 
cytoskeletal organization, membrane trafficking, cell growth, and transcriptional 
activation (Van Aelst and D'Souya-ftrhoroy Genes Dev. 11 (1997), 2295-2322). 
Studies on brain variants of Citron-K (without the kinase domain) reveal the 
association with postsynaptic density proteins (PSD-95), suggesting a role in either 
synapse organization or function (Zhang et al., J. Neuroscl. 19 (1999), 96-108; 
Fumvashiki et al., J. Neurosci. 19 (1999), 109-1 18). 

The human paxillin (PXN) gene encodes for a 68 kDa protein found in focal 
adhesions. It is within focal adhesions where adhesion molecules dynamically 
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interact witt, the cytoskeleton (Sglgia et al, J. Bid. Chem. 270 (1995). 5039-5047) 
The signairng pathways that regulate these dynamic interactions begin to be 
eiucKlated. Many obsen^Hons suggest that paxiinn is Involved In transducing signals 
ftom growth factor receptors to focal adhesions. The paxillin is expressed in many 
tissues including brain. 



However as set forth below, the gene causative for affective diseases is identified as 
being the P2X7 receptor (P2X7R). 

Mutations were searched in coding sequences and exon-intron boundaries of the 
above mentioned genes since such mutations am mom likely to give a functionally 
signfflcant Single Nucleotide Poiymon^hisms (SNP). The starting sample was 
composed of 16 unrelated affected Individuals flom the Saguer,ay/Lac st^ean 
regron, which gives an 80% power to detect polymon*isms with a frequency of 0 OS 
To Identify polymorphisms, targeted sequences were ikst amplified by PCR Then 
PCR products are purified on Whatman GF/C membranes (VWR, Montreal. Canada)' 
and quantified usir*g the PicoGreen dsDI^ quantitation assay (Molecular probes' 
Oregon. USA). 4 ng of purified PCR products are sequenced using tf,e DYEnamic CT 
terminator cyde sequencing kit (Amersham Biosciences, Bale D'UrfS. Canada) The 
sequencing products are resolved on an ABI prism 3730XL DNA analyzer and an 
ABI PRISM 3700 DNA anah/zsr Th= d<~d „ j . / . u on 

" analyzer. The PCR products are sequenced in both 

direcbons. The SNPs Mentmed in studied genes are listed in Table 10. 

I^l^l.^""! *"!""•" D12Si«B« .-H 



Genes 

Rab35 
Rab35 
Rab35 
Rab35 
Rab35 
PXN 
PXN 
PXN 



PLA2G 1B 
PIN 
PIN 
PIN 



Positions 

Exon06 

Infron04 

Intron03 

Intron02 

Intron02 

Exonl 1 

Exon06 

£xon02 



Exon03 

5'UTROl 
intron02 



Variations 

RABE06A 

RABI04A 

RABI03A 

RABI02B 

RABI02A 

PXNE11A 

PXNE06A 

PXNE02A 



PLA2GlBEQ3A r 
PINUTROIA 
PINUTROIB 
PINI02A 



AUeles 

486G-A 
51C-T 
33G-A 
85G-A 
76C-G 
1527C-T 
750C-T 
-2L7eiA_ 



294C-T 
-49T-G 
"80T-C 
26C-T 



Modifications 

Silent Asnl 62 
unknown 
unknown 
unknown 
unknown 
Silent Thr509 
Silent Ser250 
-Gty73SeL 



Silent Ser98 
unknown 
unlcnown 
unknown 
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PIN 


Intron02 


PINI02B 


50C-T 


unknown 


CaBP 


Intron04 


CaBPI04A 


35C.T 


unknown 


CaBP 


exonOl 


CaBPEOlA 


-23A-G 


unknown 


OASL 


Exon02 


OASLE02A 


213G-T 


Silent Gly72 


OASL 


£xon02 


OASLE02B 


408OT 


Silent Leul 36 


OASL 


ExonOS 


OASUEOSA 


1042G-A 


VaI348Met 


OASL 


£xon06 


OASLE06A 


1509G-A 


Silent Ser503 


P2X7R 


5'UTR 


P2XR7UTR5L 


362T-C 


unknown 


P2X7R 


SUTR 


P2XR7UTR5M 


S32T-G 


unknown 

******* WW mm 


P2X7R 


5TJTR 


P2XR7UTR5K 


llOOA-G 


unknown 


P2X7R 


5'UTR 


P2XR7UTR5J 


1122A-G 


unknown 


P2X7R 


5*UTR 


P2XR7UTR5I 


inic-G 


unknown 


P2X7R 


5xrrR 


P2XR7UTR5F 


13S1T-C 


tinknnwn 


P2X7R 


5'UTR 


P2XR7UTR5N 


1702G-A 


unlcnnwn 


P2X7R 


5'UTR 


P2XR7UTR5G 


1731T-G 


unknown 


P2X7R 


5VTR 


P2XR7UTR5H 


1860C-T 


itnlmoum 


P2X7R 


5'UTR 


P2XR7UTR5A 


2162C-A 


1 inlm ev%inr% 


P2X7R 


5'UTR 


P2XR7UTR5B 


2238C-T 


unlcnnwn 


P2X7R 


5'UTR 


P2XR7UTR5D 


2373A-G 


uiuuxuwn 


P2X7R 


SOJTR 


P2XR7UTR5E 


2569G-A 


llfilfTtfwifn 


P2X7R 


5'UTR 


P2XR7UTR5C 


2702G-A 


1 1 film Aum 


P2X7R 


IntronOl 


P2XR7I01C 


3166G-C 


LUIKJIUWO 


P2X7R 


IntronOI 


P2XR7I01A 


24778C-T 


unlmnwfi 

uli ijwi 1 V Vr 1 1 


P2X7R 


IntronOl 


P2XR7I01B 


24830C-T 


1 inlmnu/n 
uxtiuiviwii ' 


P2X7R 


Exon02 


P2XR7v02A 


24942T-C 




P2X7R 


Exon03 


P2XR7E03A 


26188C-T 


nJL^ 11/1 rp 


P2X7R 


lntron03 


P2XR7I03A 


26308A-G 


UiUkJ lU Wll 


P2X7R 


Intron03 


P2XR7I03B 


26422G-A 


wnjviiowii 


P2X7R 


Intron04 


P2XR7104A 


32394G-A 


1 1 n1m#\ wn 
uilAJIUinrii 


P2X7R 


Intron04 


P2XR?v05B 


32434T-C 


unlcnnwn 


P2X7R 


Exon05 


P2XR7E05D 


32493G-A 


Glvl ^ftAra 


P2X7R 


ExonOS 


P2XR?v05A 


32507C-T 




P2X7R 


ExonOS 


P2XR7E0SC 


32783C-T 


Silent Pv«1 i>5l 


P2X7R 


IntronOS 


P2XR7I0SC 


32783A-C 


unlcnnwn 
uiuvi IV wii 


P2X7R 


IntronOS 


P2XR7I05D 


35309T-C 


unlcnnwn 


P2X7R 


IntronOS 


P2XR7I05B 


35374C-T 


unknown 


P2X7R 


IntronOS 


P2XR7I05A 


35378A-C 


unknown 


P2X7R 


Exon06 


P2XR7E06A 


35438G-A 


Glul 86Lys 


P2X7R 


Exon06 


P2XR7E06B 


3S454T-C 


Leul91Pro 


P2X7R 


Intron06 


P2XR7I06C 


35549T-C 


unknown 


P2X7R 


Intron06 


P2XR7I06G 


35641 G-C 


unknown 


P2X7R 


Intron06 


P2XR7I06D 


35725A-C 


unknown 


P2X7R 


Intron06 


P2XR7I06F 


36001 T-G 


unknown 


P2X7R 


IntronOS 


P2XR7I0ffi 


36064A-T 


unknown 




inuonuo 


r2XR7I06A 


36091 DelGTTT 


unknown 


P2X7R 


Intron06 


P2XR7106B 


36108C-G 


unknown 


P2X7R 


lntron07 


P2XR7I07A 


36374C-T 


unknown 


P2X7R 


IntronO? 


P2XR7I07B 


36378G-A 


unknown 


P2X7R 


Intron07 


P2XR7I07C 


36387f-A 


unknown 


P2X7R 


IntronO? 


P2XR7107D 


36398G-C 


unknown 


P2X7R 


IntronO? 


P2XR7I07E 


37439C-T 


unknown 


P2X7R 


IntronO? 


P2XR7I07F 


37513T-C 


unknown 
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P2X7R 


1 'Pvrkfinfi 


P2X7R 


1 Fynnnfi 


P2X7R 


1 PvnnOSl 


P2X7R 




P2X7R 


TYltTYknOO 


P2X7R 


Py/^nl 1 
£i AUn 1 1 . 


P2X7R 


Exoni 1 


P2X7R 


Intronl 1 


P2X7R 1 


Intron]2 


P2X7R 


Intronl 2 


P2X7R 


Exonl3 


P2X7R 


Exoni 3 


P2X7R 


Exon]3 


P2X7R 


Exoni 3 



P2X7R 

P2X7R 

P2X7R 

P2X7R 

P2X7R 

P2X7R 

P2X7R 

P2X7R 

P2X7R 

P2X7R 

P2X7R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 

P2X4R 



Exoni 3 
Exoni 3 
Exoni 3 
Exoni 3 
Exoni 3 
Exonl3 
3'UTR 
3»UTR 
3'UTR 
3TJTR 
3'UTR 
STJTR 
5»UTR 
5'UTR 
5UTR 
5*UTR 
5WR 
S-UTR 
5'UTR 
5WR 
5'UTR 
IntronOl 
Exon02 
Intron02 
Intron03 
Intron03 
Exon04 
Exon04 
Intron04 
Intron04 
Exon05 
Exon07 



P2X4R 
P2X4R 
P2X4R 
P2X4R 
P2X4R 



IntronOS 
Exon09 
IntronlO 
IntronlO 
IntronlO 



P2XR7E08C 
P2XR7v08A 
P2XR7v08B 
P2XR7E08D 
P2XR7vllA 
P2XR7vllB 
P2XR7vnC 
P2XR7J1ID 
P2XR7I12A 
P2XR7I12B 
P2XR7vl3F 
P2XR7vl3A 
P2XR7vl3B 
P2XR7vI3G 

P2XR7vl3C 
P2XR7V13H 
P2XR7E13D 
P2XR7E13J 
P2XR7vl3I 
P2XR7V13E 
P2XR7UTR3A 
P2XR7UTR3B 
P2XR7UTR3C 
P2XR7UTR3D 
P2XR7UTR3E 
P2XR4UTR5r 
P2XR4UTR5H 
P2XR4UTR5G 
P2XR4UTR5A 
P2XR4UTR5B 
P2XR4UTR5C 
P2XR4UTR5J 
P2XR4UTR5D 
P2XR4UTR5F 
P2XR4UTR5E 
P2XR4I01A 
P2XR4E02A 
P2XR4I02A 
P2XR4I03A 
P2XR4I03B 
P2XR4E04A 
P2XR4E04A 
P2XR4I04B 
P2XR4104A 
P2XR4E05A 
P2 XR4E07 A 
P2XR4I08A 
P2XR4E09A 
P2XR4I10A 
P2XR4110B 
P2XR4I10C 



37604C-T 
37605G-A 
37623G-A 
37633C-T 
47214C-T 
47383G-A 
4741 IC-G 
47563T-C 
54307C-T 
54308G-A 
54399C-T 
54480A-O 
54523C-T 
I 54562DelCCCTGAGAG 
CCACAGGTGCCT 

54588A-C 
54664C-G 
54703G.T 
54804A-T 
54834G-A 
54847G-A 
55169C-A 
55170A-C 
55171A-C 
559I7C-T 
54925G-A- 
-1956G.A 
-1649G.A 
-800G-A 
-648C-.A 
-537A-G 
•437A-G 
-205VNRG 
-211C.G 
-150VNRGGGCCCC 
-98G-T 
31G-T 
262G-.A 
4600C-T 
15G.A 
72G-A 
355G-A 
375G.A 
. I7T-C 
32G-A 
465T.C 

724A-G 

DbIT 
944A-G 
IIG-T 
G-C 
A-G 



Arg270Cys 
Arg270His 
Arg276His 

Silent Asp279 
unknown 
Ala348Thr 
Thr357Ser 
unknown 
unknown 
unknown 
AIa433Val 
Gln460Arg 

Silent Pro474 
Del of 7aa 488 to 494 
PESHRCJL 

Glu496Ala 
Silent His521 
Silen Leu534 
IIe568Asn 
Arg578Gln 
Silent Pro582 
unknown 
unknown 
unknoMm 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
Silent mutation AlaS? 
unknown 
unknown 
unknown 
Ilell9Val 
Silent Vail 25 
unknown 
unknown 
Silent Serl55 

»_™S.er242-Gly_ 

unknown 
Tyr315Cys 
unknown 
unknown 
unknown 
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P2X4R 


Intronll 


P2XR4I11B 


CG 


P2X4R 


Intronl 1 


P2XR4I11C 


T-A 


P2X4R 


Intronl 1 


P2XR4I11A 




CaMKK2 


3XJTR 


CaMKK2UTR3bA 


733C-T 


CaMKK2 


SUTR 


CaMKK2UrR3aB 


390G-A 


CaMKK2 


3XJTR 


CaMKK2UTR3aA 


239G-A 


CaMKK2 


Intronl 5 


CaMKK2I15B 


325T-C 


CaMKK2 


Intronl 5 


CaMKK2I15A 


169G-A 


CaMKK2 


Intronl4 


CaMKK2I14A 


224A-G 


CaMKK2 


Intronl 0 


CaMKK2I10A 


1 56DelGTGATCCGCCT 


CaMKK2 


mtron09 


CaMKK2I09B 


G 

528A^ 


CaMKK2 


intron09 


CaMKK2I09A 


521A-G 


CaMKK2 


Exon09 


SNP6fl8v5 


1095C-A 


CaMKK2 


Exon09 


SNP6fl8v4 


1087OT 


CaMKK2 


BxonOS 


CaMKKEOSA 


687C.T 


CaMKK2 


IntronOS 


CaMKK2I03A 


lOC-T 


CaMKK2 


IntronO:^ 


CaMKK2I02A 


39C-T 


CaMKK2 


IntronOl 


CaMKK2I01B 


2911G-C 


CaMKK2 


IntronOi 


CaMKK2I01A 


89C.A 


CaMKK2 


ExonOl 


SNP6fl8v2 


253A.T 


CaMKK2 


ExonOl 


SNP6fl8vl 


29G.A 


CaMKK2 


5UTR01 


CaMKK2UTR01B 


253T.C 


CaMKK2 


SXJTROl 


CaMKK2UTR01A 


63C-A 


APC5 


IntronOl 


APC5I01A 


lOG-T 


APC5 


IntronOl 


APC5I01B 


50A-T 


APC5 


IntronOS 


APC5I05A 


73T-C 


APC5 


Intron06 


APC5I06A 


73T-G 


APC5 


Exonll 


APC5E11A 


1416C-T 



unknown 
unknown 
unknown 



unknown 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

imknown 
unknown 
Silent ne365 
Arg363Cys 
Silent Pro229 
unknown 
unknown 
unknown 
imknown 
Thr85Ser 
SerlOAsn 
unknown 
unknown 



unknown 
unknown 
unknown 
unknown 
Silent His472 



Each SNP in genes. Rab35, PXN. PLA2G1B, PIN. CaBP, OASL, P2X4R, CaMKK2 
and APC5 was designated according to the gene where It was found, and Its location 
in that gene (Intronlc or exonic regions). Each SNP in the P2X7R gene was 
designated according to their position on SEQ ID NO: 1. The allele describes the 
position and the variation observed. In coding regions, the position is relative to the 
start codon. whereas the intronlc SNPs are positioned relative to the beginning of the 
corresponding Intron (when known). Primers used for identifying the SNPs in the 
P2X7R and the location of each SNPs included in tables 2 and 12 are defined in 
table 1a and SEQ ID NOs 52 to 1 11. 



Association studies using missense SNPs were perfomned. Missense SNPs or SNPs 
that could be closed to the splice sites were used, because it Is more likely that 
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d,seases would be associated to an improper «.nc«on ,n p^teins. Case g™up was 
composed by bipolar , indivWuals. scl,boatfecBve bipolar type (182 JieJ^ ^d 
b,po,ar ,i diagnosed parens (31 subjects). Many con.„,s fto. J SaguenSc^S.' 
Jean region, were sampled from Steinert, Glaucoma and Paget DNA banks The 
control ,ndMdua.s were not d^gnosed tor affeCve diso J.. Acc^rdinHo' e 

:rj:i:r" '''' - - — - 

Direct sequencing of PCR preducts is by far tl,e most accureto method of analysis 
and .s the method of choice in view of our secuencing plattom, capaci.yl!^R 
preducte were analysed by direct sequencing as described above. After sequencing 
analyse. .ndMduals are automaticaiiy typed for the co^onding SNP uTng a 

The association hypothesis was tested with CLUMP (Sham « Curtis 1996 Ann 
Hum. Genet 59:97-105). One thousand simubtlons were used to estimate p-vai^" 
Resu s are ^ustrated in .able 11. T^e T1 s,a«st,c. which Is the usual chJ^qua,^- 
statrstrc on «,e raw contingency table, was used to test tor allelic assoLon 

o^rnal teble agams, the total of «,e other columns, called TS sta«st,c, was added to 
pre«ous one to test tor potential genotype association since T1 statistic results 
may be biased when the contingency table contains ceUs with low values 



i 
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Table 11. Association hypotiiesis using CLUMP 





Efifective 


AUele 
Analysis 
p-value 

crn 


Genotype 


Analysis 


gene 


SNPs 


Cases Controls 


p-value 
(T2) 


p-value 

.Cr3) 


P2X7R 


P2XR7vllB 
P2XR7vl3A 
P2XR7vl3E 


208 211 
212 214 
212 211 


0.795 
0.344 
0.780 


0.036 
0.250 
0.017 


0.028 
0.186 
0.017 


CAMKK2 


SNP6fl8v5 
SNP6fl8v4 
SNP6fl8v2 
SNP6fl8vl 


206 135 
206 135 

205 135 

206 135 


1.00 
0.816 
0.057 
0.512 


1.00 
0.962 
0.110 
0.532 


1.00 
0.841 
0.095 
0.385 



The association studies using SNPs in P2X7. P2X4. and CalVIKK2 reveal 
associations significant at level of about 5% or less. Three genotype associations In 
P2X7 were observed. However, SNPs P2XR7v11B and P2XR7v13E are closely 
linked together based on a contingency table. There is also an allele association at 
level of 5.7% for SNP6f18v2 in CaMKK2. The information associated to each 
relevant SNP can be found In Tables 10 and 12. 

EXAMPLE 3 

Polymorphisms found in the P2X7R in individuals suffering from depression 

Association studies using SNPs in the P2X7R gene was performed in a case/control 
sample (535 individuals) from a Gemian population. The case group was composed 
of 36 individuals diagnosed with bipolar type I or type II, and 279 individuals 
diagnosed with unlpbiar disorders (I.e. depression) representing 133 affected males 
and 182 affected females. Among controls, we count The remaining 220 control 
Individuals were normal (i.e. diagnosed as non depressive), and comprising 81 
males. 182 females and 14 of unknown gender. The same sexual distribution was 
noted in both groups. 



SNPs were identified in this sample by using a subgroup of 24 affected individuals. 
Similar SNPs In the P2X7R gene detected In the Gemian population were similar if 
not identical to the SNPs seen in the Saguenay/Lac-St-Jean population (see table 
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I, ^1.1 (P2XR7E03A). GhllSSLys (P2XR7E0eA), Leui91P«> (P2XR7EORR. 

P2X7 genes. It is possible that the lle568Asn fPsypTc . . 

Involved in the surface exp,«ssk.n Of P2X^ (P2XR7E13J) mutaUon may be 

Table 12. Compartson between polymon.hism8 in the Saguenay/U<>S.^. 
poputeaon and .he Gennan population in the human P2X7R ael 



Asso- 
ciated 
exons or 

_introns 
5'UTR 
5'UTR 



5'UTR 
5'UTR 
5'UTR 
5'UTR 



5'UTR 
5'UTR 



Intron03 



Intron03 



Intron04 
Intron04 



ExbnOS 



IntronOS 



IntronOS 
IntronOS 



Varla. 
tion (SNP 
or others) 

|P2XR7UTR5r 
|P2XR7UTR5M 



5'UTR 
5'UTR 
SlITR 

5'UTR 

5'UTR [P?yp7i iTP^i^i 



P2XR7UTR5K 
P2XR7UTRST 
P2XR7UTR5r 
|P2XR7UTRfiF 



|P2XR7yTR5G_ 
P2XR7UTR5H" 
P2XR7UTRSA" 

|P2XR7UTR5R 



5'UTR P2XR7UTRSn 



P2XR7UTR5e 
|P2XR7UTR5g: 
P2XR7I01C 
P2XR7I01A 



P2XR7I01B 
P2XR7vtf2A 
P2XR7E03A 



P2XR7I03A 



P2XR7I03B 



P2XR7I04A 



P2XR7V05B 
P2XR7Ed5D 



P2XR7EdSg 
P2XR7vC(5A 



P2XR7Ed5C 
P2XR7I05C 



P2XR7I05D 
P2XR7I05B 



Allele 

T-C 
T-G 



A-G 
A-G 
C-G 
T-C 
G-A 



T-G 
C-T 
C-A 
C-T 



A-G 



C-T 
T-C 

C-T 



_A-G 
G-A 



G-A 



T-C 
G-A 

G-A 
C-T 

C-T 
A-C 



T-C 
C-T 



PosJ. 
tion* 

362 
532 



Modifi- 
. cation 
unknown 
unknown 



unknown 



unknown 



1702 



unknown 
unknown 



2373 



2569 
2702 
3166 
24778 



24830 
24942 
26188 



26308 
26422 



32394 



32434 
32493 

32506 
32507 

32548 
32783 



35309 
35374 



unknown 



unknown 
unknown 
unknown 
unknown 



Pre- 
quency 
Canad a) 

0.13 
0.16 



0.13 



0,13 



0,06 



0.3 



unknown 



unknown 



unknown 
unknown 
unknown 



unknown 
Val76Ala 



Argil 7TrD 



unknown 
unknown 



unknown 



unknoyvn 
|Glv150> 
Silent 
Vail 54 



l Tyr155His 
-Silen^-: 
Cys168 
unknown 



unknown 
unknown 



0.3 



0.07 



0.03 



0.06 



0.03 



0,33 
RARE 



0.33 



Fre- 
[quency 
»erman \ 

0.08 



0,1 



0.13 



0.13 



RARE 

0.25 



ND 
0.7 



0.02 



0.12 



0.02 



0.27 



0.12 



0.02 



0,27 



RARE 



0.08 



RARE 



_0.44 



0.12 



_0,01 



RARE 



0,44 



0,02 



Ill 



IntronOS 
ExonOS 
ExonOS 
IntronOS 
IntronOS 

II lU \Jl l\J\J 

IntronOS 
IntronOS 

IntronOS 
IntronOS 
IntronO? 
IntronO? 


P2XR7I05A 
P2XR7E06A 
P2XR7E06B 
P2XR7IOfeC 
P2XR7I0'6G 

P2XR7I06F 
P2XR7I06E 

t 

P2XR7I06A 
P2XR7I06B 
P2XR7I07A 
P2XR7I07B 


A-C 
G-A 
T-C 
T-C 

G-C 
A-C 
T-G 
A-T 

DelGTTT 
C-G 
C-T 

G-A 


35378 

35438 

35454 

35549 

35641 

35725 

36001 

36064 

36091- 

36094 

36108 

36374 

36378 


unknown 
GlulSSLys 
Leu191Pro 
unknown 
unknown 
unknown 
unknown 
unknown 

unknown 
unknown 
unknown 
unknown 


0.7 

0.04 

0,21 
0.17 
0.11 

0.14 
0.14 
0.07 
0.21 


0.65 
0.02 
0.02 
0.08 
0.02 
0.27 
0.3 
0.1 

0 3 
0.29 

0.28 


IntronO? 

II luuiivir 

II ill KJllKJf 

inuonUf 
ExonOS 


P2XR7I07C 
r'^ArCf I07D 
r^AR7lU7E 
P2XR7107F 
P2XR7E08C 


T-A 
G-C 
C-T 
T-C 


36387 
36398 
37439 
37513 


unknown 
unknown 
unknown 
unknown 


0.21 
0.42 
0.41 


0.28 
0.4 

RARE 


ExonOS 
ExonOS 


P2XR7V08A 
P2XR7vQ8B 


C-T 
G-A 
G-A 


37604 
37605 


ArQ270Ciw 
Arg270Hls 


0.46 


0.24 


ExonOS 


P2XR7E68D 


C-T 


37623 

Of boo 


Arg276His 
Silent 
Asp279 


0.03 
RARE 


0.02 

- 


fntron09 


P2XR7vi;iA 


C-T 




unknown 


0.08 


0.03 


Exonll 


P2XR7V11B 


G-A 


47383 


Ala348Thr 


0.5 


0,44 


cxoni 1 
Intronll 


P2XR7v1.1C 
P2XR7I11D 


C-G 
T-C 


47411 


Thr357Ser 


0.08 


0.07 


lntron12 


P2XR7lli2A 


C-T 


475S3 
54307 


unknown 
unknown 


0.43 
0.32 


0.44 


lntron12 


P2XR7I12B 


G-A 


54308 


unknown 


0,03 




Exon13 


P2XR7V13F 


C-T 


54399 


Ala433Val 


0.13 




Exon13 


P2XR7V13A 


A-G 


54480 


Gln4S0ArQ 


0.13 


0.17 


Exon13 


P2XR7V13B 


C-T 


54523 


Silent 
Pro474 


0.1 


0.07 


Exon13 


1 

P2XR7V13G 


GCCACAGG 
TGCCT 


54562- 
54582 


Del of 7aa 
488 to 494 
(PESHRCL) 


RARE 




Exon13 


P2XR7V13C 


A-C 


54588 


GIu496Ala 


0,13 


0.06 


Exon13 


P2XR7V13H 


C-G 


54664 


His521Gln 


0,03 






1 

r^AK7El!3D 


G-T 


64703 


Silent 
Leu534 


0.1 


0.02 


Exon13 
ExonIS 


P2XR7E13J 
P2XR7V13I 


A-T 
G-A 


54804 


lle568Asn 




0.01 


Exon13 


P2XR7v13E 


G-A 


64847 


Arg578Gin 
Silent 
Pro582 


0.4 


RARE 
0.45 


3'UTR 


P2XR7UTR3A 


C-A 


551 69 


unknown 


0.48 


0.37 


3'UTR 


P2XR7UTR3B 


A-C 


55170 


unknown 


0,09 


0.1 


3'UTR 


P2XR7UTR3C 


A-C 


55171 


unknown 


0.05 


0.06 


3'UTR 
3'UTR 


P2XR7UTR3D 
P2XR7UTR3E 


C-T 
G-A 


55917 
54925 


unknown 
unknown 


0.001 


0,01 



I 



t 
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The position and numbering of the polymorphism corresponds to the human P2X7R 
gene as defined in SEQ ID NO: 1 . To Ident^ the genomic organization of the P2X7R 
gene. BAC clones: were firstly organized using known polymorphic markers 

rESrru ' "^"^"^^ -^-nce tags 

(ESTs). Unonentated and unordered DMA regions were reassembled into a 
sequences using Phrap and reordered the pieces using P2X7R exons as scaffolds 
No complete gene organization for P2X7R has been done. There Is only a partial 
gene strucUire from exon6 to 13. NT_037809. Therefore, this genomic sequence 
encompassing the P2X7R gene as depicted In SEQ ID NO: 1 could contain some 
sequence errors, specifically in Intronic regions. Primers used for SNP amplification 
and sequencing are shown In Table 1 a and depicted in SEQ ID NOs: 52 to 1 1 1 . 

1995. Ann. Hum. Genet. 59:97-105). Table 13 resumes the allelic and genotyplc 
association studies for SNPs In P2X7 gene. 

Table 13. Allelic anfl genotyplc association studies using CLUMP 



Locus 



P2XR7v02A 
P2XR7I04A 
P2XR7V05B 
P2XR7E05D 
P2XR7E06E 

P2XR7V05A 
P2XR7E05C 
P2XR7I07F 
P2XR7V08A 
P2XR7v08B 
P2XR7V11A 
P2XR7V11B 
P2XR7V11C 
P2XR7I11D 
P2XR7V13A 
P2XR7V13B 
P2XR7V13C 
P2XR7E13D- 
P2XR7E13J 
P2XR7E13I 
P2XR7V13E 
P2XR7UTR3E 



Allele 
Frequencies* 



2(0.09); 4(0.91) 
1(0.04): 3(0.96) 
2(0.69): 4(0.31) 
1(0.03): 3(0.97) 

1(0.006): 

3(0.994)** 
2(0.60): 4(0.40) 
2(0.98): 4(0.02) 
2(0.002); 4(0.98) 
1(0.23); 3(0.77) 
1(0.02); 3(0.98) 
2(0.95); 4(0.05) 
1(0.45); 3(0.55) 
2(0.93); 3(0.07) 
2(0.45): 4(0.55) 
1(0.87); 3(0.13) 
2(0.93); 4(0.07) 
1(0.91): 2(0.09) 
-3(0.94)r4(0r06)- 

1(0.01); 4(099) 
1(0.004); 4(0.996) 
1(0.46); 3(0.54) 
1(0.02); 3(0.98 



Effective 



Cases 


Controls 


313 


218 


314 


220 


314 


220 


314 


220 


314 


220 


314 


220 


314 


220 


315 


219 


315 


219 


315 


219 


311 


218 


312 


218 


312 


218 


312 


219 


305 


215 


305 


216 


305 


216 


~3115~-~ 


219 


315 


219 


315 


219 


314 


219 


315 


219 



Allele Analysis 
p-value (T1) 



0.501 
0.604 
0.133 
0.842 
0.048 

0.038 
1.000 
1.000 
0.454 
0.636 
0.348 
0.605 
0.793 
0.665 
0.017 
1.000 

0.402 
0.618 
0.999 
0.699 
0.147 



Genotype Analysis 
P-value (T1) p-value (T3) 



0.729 
0.433 
0.270 
0.827 
0.045 

0.144 
1.000 
1.000 
0.673 
0.638 
0.391 
0.803 
0.256 
0.735 

<0.001 
0.228 

_0Q06_ 
0.429 
0.603 
1.000 
0.866 
0.161 



0.591 
0.348 
0.325 
0.827 
0.045 

0.219 
1.000 
1.000 
0.634 
0.638 
0.436 
0.790 
0.924 
0.740 
<0.001 
0.677 
_Q.008__ 
0.474 
0.603 
1.000 
0.845 
0.161 



! 

i 
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* The column Allele. Frequencies presents the allele for each SNP (A=1, C=2, G=3, 
T=4) and their respective frequency. 

** For this SNP we observed a zero cell in both (allele and genotype) 2X2 
contingency tables. p-value= 0.045 was obsen^ed exact Fisher test. 

I 

For the SNP analysjis, the Hardy-Weinberg (HW) equilibrium was controlled in the 
control samples. Thp Hardy-Weinberg principle (HWP) maybe stated as follow: In a 
large, randomly matihg population, in which there is no migration, or selection against 
a particular genotype and the mutation rate remains constant, the proportions of the 
various genotypes will remain unchanged from one generation to another. Take a 
two allele system with alleles A and a. If the proportion of A in the population is 
represented as p and the proportion of a as q, then p plus q represent the sum total 
of alleles at this locus, that is p+q=1. The HWP Is useful to evaluate some population 
problems like marital assortment. Inbreeding, population stratification, admixture, 
decreased viability of a particular genotype. The SNP P2XR7v13A did not respect 
the Hardy-Weinberg -equilibrium. 

{ 
( 

The association hypiathesis was also tested using an allele positivity table known to 
be suitable for the (Jetection of susceptibility alleles showing a dominant mode of 
inheritance (Ohashi and Tokunaaa. J. Hum. Genet. 44 (1999), 246-248; Ohashi et 
al., Ann. Hum. Gendt. 65 (2001), 197-206). Similar results were obtained using this 
method as those obtained using the allele frequency tables, with the exception of 
P2XR7V05A where the p-values were 0.253. Thus. P2XR7v05A presented a less 
significant association in this analysis. This difference can be attributed to the mode 
of Inheritance. * 

The proportion of unipolar individuals in analysis of the Gemnan population is quite 
important since \i\e\ American Psychiatric Association (Diagnostic and Statistical 
Manual of Mental 'pisorders-4tii Edition Text Revision (DMS-IV-TR), American 
Psychiatric Press, 2000) has reported an increase in susceptibility for unipolar 
disorders in female groups. To determine whetiier the sexual variable could influence 
the association analysis, additional association studies were perfomied by controlling 
the sexual parameter. Normal individuals in the German population without gender 
information were omitted from the study. Then, a logistic regression model was 
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Zrood-r, "^7;°" by using tt,e ,mer^ beh^enlg 

Calculations were done with SA<5 wah cao • x . w^mpieteiy. 

e aone wim bAS v8.0 SAS is a statistical software oackan^ thot 
allows the user to manipulate and analyze data In m«nv m-^ 7 ^ 

sciences, biological sciences, and social sciences. 

T^e int^ducuon of; a sexual parameter did no. perturb the association al^adv 
Observed in previous analysis. Moreover. «,is ana^s model leveaie-^^ddrnl^ 
results: a potential allele association w„b P2XR7v05B (p=0 064) a^^l oe^'r 
association for P2XR7v08A (p=0.042, was obse^ed. 

f^lir" T":"'"' '^"""^^ individuals 

Saguenay/Lac St.Jean samples, versus mostly unipolar disorder In fh» n 
Popula^on) some palmate, were com.„ed^nc,l al el cj Th^: 
modelling stmtegyfyr logistic i^iesslons was descrtbed aLe. 



Table 14. Associalbn s*„„e, using pooled «,mp,es f™m boU. populaOons 




us 





Allele analysis 


Genotype analysis 


P2XR7V13A 


0.0047 


0.0209 


<0.0001 


0.4814 


P2XR7V13B 


0.5129 


0.2352 


0.9584 


0.4092 


P2XR7v13C 


0.2466 


0.0284 


0.2225 


0.4228 


P2XR7V13E 


0.8168 


0.0159 


0.3713 


0.4990 



An allelic and genptypic association was observed for the P2XR7v13A locus 
(p=0.0047) which was stronger than in the separate analyses. A significant allelic 
association was aisp noted for the P2XR7v08A locus (p=0.0452). In addition, the 
present analysis also demonstrate the potential relationship between SNP 
P2XR7V05A and the origin with a p-value= 0.0515 (not shown in the table) which is in 
agreement with previous association analysis done in both samples separately (see 
Table 13). 

The haplotype analysis was performed using the German population. The PHASE 
program (Stephens et al.. Am. J. Hum. Genet. 68 (2001), 978-989) was used to 
estimate SNPs haplotypes within exons of the P2X7R gene. Haplotypes were 
created for each exon having more than one associated SNP (see Table 15 for exon- 
associated SNPs). Case groups varied from 218-220 individuals, whereas control 
groups varied between 312-316 individuals. Association hypothesis was tested with 
the CLUIVIP method since many haplotypes were created for each exon. T1 and T3 
statistic tests perfomned as described above. T2 and T4 statistics were also 
calculated owing to the presence of small effective cells in the contingency tables. T2 
statistic is the usual chi-squared statistic applied on the contingency table obtained 
after collapsing columns with small expected values. T4 statistic is the largest chi- 
squared statistic obtained by comparing one column of the original table against the 
total of the other columns. One thousand simulations were used to estimate p-values. 
The resulting data was analyzed with the logistic regression model (describe above) 
using SAS V8.0 In ofderto consider the sexual parameter (for these tests the sample 
was reduced by 14 homnal individuals). However, this analysis method is limited by 
the reliability of reconstructed haplotypes. 



r 
t 

Table 15. Exon-assbciated SNPs 
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Exons 


Associated SNPs 


5 


P2XR7E05D 
P2XR7E05E 
P2XR7V05A 
P2XR7E05C 


8 


P2XR7V08A 
P2XR7v08B 


11 


P2XRV11B 
P2XRV11C 


13 

> 
f 


P2XR7V13A 

P2XR7V13B 

P2XR7V13C 

P2XR7E13D 

P2XR7E13J 

P2XR7V13I 

P2XR7V13E 



Table 16. Genotypic association with haplotypes in exon 13 of P2X7R 



£xon 
(hapiotype) 



5(5) 



mi 



11(3) 



13(15**) 



Clump* 
T1 :0.032 
T2:0.068 
T3:0.054 
T4:0.059 



Allele analysis 



n .0.551 
T2:0.585 
T3:0.646 
T4:0.646 



T1 :0.750 
T2:0.786 
T3:0.726 
T4:0.726 



T1:0.088 
T2:0.079 
T3:0.147 
T4:0.072 



P-valuefsex) 



0.3133 



0.3813 



P-valuefha pto) 



0.1947 



0.3064 



Clump 



Genotype analysis 



T1:0.193 
T2:0.169 
T3:0.099 
T4:0.304 



0.0886 



0.1871 



0.7396 



0.1264 



T1:0.812 
T2:0.689 
T3:0.644 
T4:0.756 
T1:0.625 
T2:0.919 
T3:0.929 
T4:0.921 



1:0.001 
T2:0.002 
T3:0.057 
T4:<0.001 



P-valuefsex) 



0.460 



0.5428 



valuefha pio) 
0.5355 



0.6652 



0.2305 



0.4610 



0.9494 



0.019 



-Jesssa^.^nah^"^ ^"^;'"^"'^^^ ahaplotypes w here case celtehave 



Table 16 Illustrates a genotypic assodaHon with haplotypes In exon 13 of the P2X7R 
genes. Interestingly, n»ny haplotypes for the exon 13 we« oliserved. The 
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differences between statistics in exon 13 (JZ less significant) can be explained by the 
involvement of more than one genotype of haplotypes In the disease. A potential 
allelic association was also noted with haplotypes In exon 5 of the P2X7R gene. 

EXAMPLE 4 

P2X7R gene structure and mRNA expression and transcript sequence 

A 1700 bp nucleotide sequence corresponding to the human P2X7R promoter was 
analyzed by using l\/latlnspector V2.2 and Transfac 4.0 algorithms. This analysis 
showed that the P2X7R gene does not contain a standard TATA box. but has SP1 
sites that can make up for transcriptional Initiation. Besides the SP1 sequences, 
there are binding sites lor the transcription factors GATA, Oct and Ikams. These sites 
are thought to provide tissue specificity. Interestingly, the P2X7R promoter has 
binding sites tfiat suggest responsiveness to different cytokines such as AP-1, NFAT 
and CEBPB. 

P2X7R possesses b exons and 12 introns (BueH et al.. Receptors Channels 5 
(1998). 347). providing a basis for alternative splicing that would yield In theory 
different transcripts and produce different isofonns witti possible different functions. 
No alternatively spliced variant was cleariy Identified. However, experiments of EST 
clustering allowed the description of three splicing variants. One is defined by the 
lack of the exon 5. This P2X7v02 variant conresponds to the clone IMAGE: 3628076 
isolated from brain-derived cell lines. The P2x7v02 lacking ttie exon 5 produces a 
frame shift, thus generating a shorter polypeptide. The second splicing variant. 
P2X7V03. Is characterized by the presence of ttie short Intron 10 into the mRNA. This 
variant Is supported by two high quality sequences, the cDNA clone BRAMY2008977 
(AC number AK090866) from human amygdala and the EST clone dbEST:7339877 
derived from an unknown human tumor. The last variant. P2X7v04. is defined by the 
lack of tine first exon ttiat suggests an alternative promoter usage closed to the exon 
2. A high quality E^T clone dbEST:4782844 derived fomi a head and neck tumor 
supports tills variant These variants are shown in Figures 16a to 16e. 
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P2X7 variants. 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7V03 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7V03 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7V03 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7V03 



P2X7v01 
P2X7V04 
P2X7V02 
P2X7V03 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7V03 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7v03 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7V03 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7V03 



P2X7V01 
P2X7V04 
P2X7V02 
P2X7V03 



40 50 

100 

eyptrrtlcssdrgckkgwmdpSSllS^!^ 



byptrrtlcssdrgckkgwmdpqskgiqtgrcvvh: 



121 



.130. , 



EGNQKTCEVSAWCPIEAVEEAP] 



.160. 



RPA 



.170 



•140 150 

* 2-^° 220 230 

NPSDVAXQGGIMGIBIYWDCNLDRWFHHCHP] 



'KYSPRRLDDKTTNVSLYPGTOraySyYS 



270 280 290 



ENNVEKRTI.lKVFGlRFDII.VFGT«3GKPDIIQLW;i^^ 

-^20 330 340, 



•VRDSLPHAIiGKWFG 
350 



EGSD _ 

380 '390^ 

LQDVKGQEVPRPAMDFTDLSRLPIALHDTI 



.400. 



.410 



PIPGQPEBlQLLRKiaVTPRSRDSPTOCQCG 



421 430. 



440 450, , 

SCIiPSQLPESHRCLEELCCRKKPGACITTS 



.460. 



.470 



481. 



.490. 



.500. 



.510, 



.520. . 



.530 



541. 



.550. 



••560 570 



580 590 
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Therefore the transcriptional and translational start sequences of the human P2X7R 
were analyzed using Blast. Genescan and HMIVIgene computer software. This 
analysis indicated that P2X7R possesses with high probability only one translation 
start site. IVIost P2X7R expression sequence tags (ESTs; Unique cluster Hs. 193470) 
having a reliable 5' end showed identical transcriptional start site. None of the ESTs 
showed any indication of altemative splicing. Therefore, in silico analysis suggests 
ttiat tfiere is a low probability to find different transcripts produced by alternative 
splidng or altemative promoter usage. 

The above mentioned in silico data were confimied by RT-PCR analysis spanning 
the whole predicted human P2X7R coding sequence using 14 and 19 bases (5'- 
ATGCCGGCTTGCTG.3'; S'-GTAGGGATACTTGAAGCCA-S') oligonucleotides 
con^sponding to ttie beginning and end of the coding sequence, respectively. Total 
RNA from whole brain, different dissected brain areas, thymus, spleen and kidney 
were isolated and analyzed for P2X7R expression. RT-PCR reactions were 
perfonmed using the C. Therm One Step polymerase system (Roche Applied 
Science) and a prbtocol for touch down PGR with hot start. Briefly. Reverse 
Transcription was perfonned at 52-C according to ttie manufacturer's ojnditions. 
PGR reactions were executed with an annealing temperatures of 64-0 for the first 
five cycles and of 54»C fortiie next 30 cycles. 

A single specific band of ttie size of 1785 bp corresponding to the complete coding 
sequence of P2X7R was detected: P2X7R mRNA was detected in the whole brain, 
hippocampus, cerebellum, leukocytes and thymus but not In cerebral cortex, 
hypothalamus, spleen and kidney (Figure 2). All PGR pmducts were cloned using the 
pGEM-T-Easy plasmid (Promega). selected in Top-10 bacteria (Invitrogen) by blue- 
white selection and tested by EcoRI digestion. Clones having fragments of the 
expected size were 'amplified and purified for sequencing. The sequence confinned 
tiie identity of tiie 1785 bp clones as the complete coding sequence of wild-type 
P2X7R. Therefore, in all the tissues tested, wild-type P2X7R is expressed as a single 
transcript which includes the complete coding sequence. The presence of tissue 
specific isofomis is unlikely. These studies provide useful infonnation about ttie 
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s^Z ^"^^'"9- This Information can be used to 

synthes.ze nboprobes for in situ hybnd^«on. Northern and Southern biot as wetas 
engineering cells for the overexpresslon of P2X7R. 



EXAMPLES 
P2X7R expression in the mouse brain 



sections of complete mouse brains using a polyclonal antibody directedaoltr 
|n^n,al pep«de o, P2X7R <Santa Cruz Biotechnology, Tl,e b«, s^ 

n,.„mes. The sectK,ns we« blocked for 30 minutes at ™om temperature with 1-10 

Pe^ormed using the s.reptav.d,n.b.t.n^ Jr^lrcorrrys^ 
(Vector Laboratories) in combination w«h diamlnobencidine Slides were 

freservation of the tissue was verified with an anf^hr^Hw 
spec*= for the p^teln Patchedl (Santa Cruz Btotechnology, Palrdi Jas us^T 
^ contn. sind. it stains aH relevant brain s..c.u^s a' dTn t lit 
et^^or anadepressants. Very spedflc staining panern was detectlltntlL 
w«h .he specific subcellular tocalization of P2X7R in brain cells. Neglr^ 
we™ completely devoid of signal. PosiOve con.™, w»h Patchedl si^rZ^ 
s« a. -^^^ and diswbuuon in all samples. indicaUng «,a. al, tissues we J 
well preserved and processed. equally 



Prociseding from frontal to caudal P2y7R 'nr;^t«l« L ' — ~ 

I . . ^uoai, f-^A7R protein was observed in the alomomiar 

ayer of the olfactory bulb at low levels ,Rgu« 3). P2X7R was also ^^n^^ 
low levels in a restricted area of the pedventHoular hypo«,a,amic n^Z^rlZ 
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Ependymal cells surrounding the lateral ventricles also showed a fainted staining 
(Figure 3). A stronger signal was detected in restricted areas of the hypothalamus, 
where the signal was present in single cells of the polymorph layer, the lacunosum 
moleculare and the oriens layer (Figure 4). In more posterior areas of the 
hippocampus, the signal was present in the molecular layer, stratum radlatum and 
near the CA3. In a further caudal position. P2X7R was expressed In the 
subcomisural organ (Figure 4). Therefore, the basal P2X7R expression in the brain of 
stress-free mice Is restricted to areas that had been previously associated with 
depression, stress, learning and memory. 

EXAMPLE 6 

P2X7R is modulated in mice treated with an antidepressant 

« 

Further validation of role of P2X7R in affective disorders was performed by 
examining its expression pattern in response to stress and treatment with 
antidepressant drugs. A treatment schedule which has been proven to produce 
antidepressant effects on the behavioural level was administered to mice which were 
characterized as antidepressant-responsive by using a variety of behavioural 
paradigms suitable, to detect anxiolytic and antidepressant effects of classical 
antidepressants lil<e the selective serotonin reuptake inhibitor paroxetine. Paroxetine 
was delivered by gavage to naive male mice over a time period of 28 days at a 
dosage of 10 mg/kg bodyweight twice per day. In parallel, a control group of mice 
was given vehicle solution (I.e. without paroxetine) using the same treatment 
regiment while a second control group of mice was left undisturtjed and stress-free 
(i.e. untreated) during the same period of the experiments. At the end of the long- 
temi treatment, part of the mice of each experimental group were tested in the 
dari«/light box (test of anxiety behaviour) and in the Porsolfs forced swim test (test of 
depressive-like behaviour) to confimi the effectiveness of the treatment (Figure 5). 
Passive stress coping behaviour decreased after long-term treatment wrth the 
antidepressant paroxetine. The other part of the experimental groups (i.e. mice 
without test experience) were decapitated, brains rapidly removed and frozen at - 
80°C until usage. 



122 



The expression of P2X7R ,„ «,« b«,ns of mice under stress-ftee oondWons. and 
mice under mild stress p^duced by .he vehicle application, and mice under 
pa«,=<e6ne treatment was evaluated using th^e different brains f™n each group 

.mnnunoh.stochem.sfty using the same materials in order to produce completely 
compa^ble results. No signifioan. change in P2X7R expression in the olfactory bulb 
was seen .n response to stress or to paroxetine treatment (F^ure 6). However, h a,e 
per^entncuter nucleus of the hypothalamus, paroxetine produced a slight inhibition of 

celte from deferent brain areas (Rgure 8). The most dramatic changes were obseZ 
.n the hippocampus, where P2X7R was strongly inhibited by stressful handling 
Whereas paroxetine; treatment produced a marked stimulation above basal level! 
(Figures 9. 10 and 11). Thte effect was obsen,ed all along the hippocampus but was 
Zn"™ "^ ""^ "entate gyn.s. In the subcommissural 

o^n P2X7R expression remained unchanged by the different treatments 
Therefore, P2X7R expression Is strongly regulated in two specific brain areas 
in^ived ,n depression and sftess. Other brain areas, which showed low levels of 
P2X7R and are not directly imrolved In depression, did not show changes. 

in the samples fro^ mice treated with paraxetlne and showing a strong P2X7R 
expression ft ^ ^ ^ ^^^^ ^ 

(Rgures 10 and 11).' The P2X7R protein was not only present in cell bodies but also 
J^s Clearly detected in proJecUons .nnen,ating the granular layer of the dentate gyn.s 
(Figure 12). This subcellular localization of P2X7R is consistent with a role In 
neurotransmitter release and long tenn potentiation. 

P^^r, * ""^^"^ """"""^ ^"^ "'ah dose sumulation of 

P2X7iR may cause apoptosis in some cell types, the hippocampus of the above 
.Aescntedamm^lsw^ p^^^ _ 

expressing cells, in consecutive sections, using TUNNEL staining and 
immunohistochemistry. In correlative sections, only few apoptotic cells were detected 
and «,ey were present along the granular layers of the hippocampus where no 
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P2X7R expression was observed (Figure 13). No significant differences in the 
numbers of apoptotic cells were observed between the different treatment conditions. 
Therefore, the location and number of apoptotic cells did not correlate with the 
location and number of cells expressing P2X7R and rules out an involvement of 
P2X7R in the induction of apoptosis In the hippocampus. 

Thus. P2X7R expression Is considerably restricted to specific brain areas Involved In 
depression. Moreover, P2X7R expression Is Inhibited by stress and strongly 
stimulated by antidepressant treatment in these specific areas. Therefore, P2X7R 
fulfils all criteria required for the actions of antidepressants accoreJing to the highest 
standards In the field of depression research. In addition, these results suggest that 
modulation of funcHon of P2X7R is associated with chronic stress, which serves as a 
model for several asj3ects of affective disorders. 

EXAMPLE 7 

The behavioural effect of P2X7R inhibition in mice 

To demonstrate that P2X7R inhibition acts as a causative agent for affective 
disorders. P2X7R function was specifically inhibited in distinct regions of the brain 
without affecting any other brain function. This was achieved by delivering double 
stranded small interference RNA molecules (siRNA) into restricted areas of the brain. 

According to the observed expression pattem of P2X7R In the hippocampus (Figures 
9. 10, and 11) and ithe laiown involvement of the hippocampus in depression, the 
dentate gyrus (hippocampus) was selected as target region for sIRNA application. 
Male, naive mice were bilaterally implanted with a guide cannulae (23 gauge, length 
8 mm) by means of a stereotactic Instrument. The coordinates, in relation to bregma, 
were -2.0 mm posterior. ±1.0 mm lateral, and -1.0 mm ventral. Following a recovery 
period of 5 days . the mice were divided Into three experimental groups: vehicle 
(veh), control double stranded RNA (control), and P2X7R specific double stranded 
siRNA (SiRNA). Sequences used for P2X7R siRNA are 5'- 
GUGGGUCUUGCAfcAUGAUCTT-3' and 5'-GAUCAUGUGCAAGACCCACTT-3'. 
Both sequences and were annealed and injected together as a double stranded 
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RNA On day 6 after .urgery. mice we,» sHghtly anaesthetized with Isoflumn and 
injections Of siRNA were carrioHrt,.* tk '«>oTiuran and 

0 1 nmni/n, ^ ^ ^ ^""^ ^^"^ Concentration of the control and siRNA was 
0 1 nrnol/,,. and a volume of Ipl per side was infused using specifically adapted 
injection systems (30 gauae lenoth Q mm\ tu H«v.iiicaiiy adapted 

«h«,t w • ' - ^ ^' anaesthesia for the Infusion was of 

Z^rr - - — 

once delivered Into the brain the sIRNA molecules specific for P2X7R were taken uo 
hy brain cells and spedfically Induce the deg^ation of the con,plen,rrry ™ 
-RNA wth high efBclency. As a result. P2X7R function was spec^IythTb*^^ 
a Short period without affec«ng any other brain function. ,n tl^s r^^ nj^"^ 
vehiCe or control sIRNA did not result in any obvious changes In nom«l beCouT 
..e.. Ibod and water iptake. or motor behaviour In m home cage. 

l%tr T''' °" behaviourwas assessed 24 hours 

and 48 hours after nftiston of siRNA, control or vehicle acconling to the standa,^Z 
paradigm, the Porsoifs fon^d swim test (EfirssB et al Arch In. Ph^ T 
M9771 '<57nMe. o .. « >-"'*2B w ai.. Arch. Int Pharmacodym. 229 

(1877), 327-336; Porsolt, Rev. Neurosd. 11 f2000» w» tk. 

evaluate dep.ssive.IKe beha^our Is ^ -mlTanr ^0^^" ^ 

b hav.ur Which is associated w«h behavioural despair as ft,e animal do s 

any ^ort to ac«ve.y cope with the strassftii equation. Compared totehLI 

rct:cAuo:ucrr<s^3"> n- " 

MuouucuACGCGTT-3 ) on floating behaviour (passive stress coDinn^ 
w^eteced. in contrast, comparad to controls, mice inftis^ w«h P^R Z2 
S.RNA showed a significant Increase in passive behaviour, which is consf^ j!! 
2^^^^ -.ehav^r. Th. Interpretation becomes moreover elTll: 
a«ecte Of ant,deprasi«nts on passive strass coping behaviour in «,e fb,ced swim 
era v^alized (Figura 14,^ Pass^e stress coping behaviour Inc^aft" 

Li^~sr"r" " ^^^^ '--•"^ 

Torced swim test is a standard test used to assess tho ^fr^ 
^^^nts^djha^-^^^^^^ 

sensitive for mese effects, given that the right animal model Is used The paradiom 
has been widely used to test phamiaceutlca. compounds and to val: "il"; 
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models of depression, which show an increase in passive behaviour as do the mice 
where P2X7R has been inhibited (siRNA). 

At the end of the experiment, the mice were sacrificed and the brains were examined 
to confirm the location and efficiency of the siRNA Injections. For this purpose the 
brains were cut into sections and the slides were stained by immunohistochemistry 
using the above mentioned piotocols. Brains from mice Injected with the specific 
double stranded siRNA. with control double stranded RNA and with vehicle were 
examined In parallel. Under these conditions, the specific sIRNA directed against 
P2X7R injected near the dentate gyrus Induced on average an 80% Inhibition of 
P2X7R protein expression as compared to the samples from mice injected with 
vehicle or with contj-ol double stranded RNA. Both the number of cells expressing 
P2X7R as well as tHe intensity of the expression were strongly reduced (Figure 15). 
The injections wrth siRNA did not produce any sign of local inflammation or infiltration 
at the hippocampus. Thus. P2X7R expression is specifically and locally inhibited by 
SiRNA application in vivo. This inhibition produced behavioural changes indicating a 
causative role for P2X7R in affective disorders. These results in combination with 
those mentioned above support and confirm the obsen/ation of mutations in P2X7R 
being associated with affective diseases in humans and that modulation of P2X7R 
activity has antidepressive effects. 
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New EP-patent application 
NeuroNova 
OurRef.: H1566EP 

Claims 

1 . A nucleic acid molecule comprising a nucleic acid sequence selected from 
the group consisting of: 

(a) a genomic nucleotide sequence encoding an ATP-gated ion channel 
P2X7R and which contains a mutation in the 5'UTR region 
con-esponding to positions 362. 532, 1100, 1122. 1171 or 1702 of the 
genomic sequence of the wild-type ATP-gated Ion channel P2X7R as 
depicted in SEQ ID NO: 1 , wherein at said position said nucleotide is 
replaced by another nucleotide; 

(b) a nucleic acid sequence encoding a polypeptide which has an amino 
acid sequence of the ATP-gated ion channel P2X7R. wherein In the 
exon as Indicated in column "Exon" of the following Table A the amino 
add residue as Indicated in column "Amino acid residue" of Table A 
corresponding to the position as Indicated in column "Position in wild- 
type" of Table A of the wild-type ATP-gated Ion channel P2X7R amino 
acid sequence as depicted in SEQ ID NO: 3 or 4 is replaced by 
another amino acid residue 

Table A 



Exon 


Amino acid residue 


Position in wild-type 


exon 3 


R (Arg) 


117 


exon 5 


G (Gly) 


150 


exon 6 


E (Glu) 


186 


exon 6 


L (Leu) 


191 


exon 8 


R (Arg) 


270 


exon 13 


1 (lie) 


568 


exon 13 


R (Arg) 


578 



(c) a nucleotide sequence encoding an ATP-gated ion channel P2X7R 
and which contains a mutation in exon 5 or 8 corresponding to 
position 32548 or position 37633 of the wild-type ATP-gated ion 
channel P2X7R nucleotide sequence as depicted in SEQ ID NO: 1 , 
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(d) 



(e) 



:f) 



irir* '''' replaced by another 

a nucleic acid sequence encoding a polypeptide which has an amino 
acd sequence of an ATP^ated ion channel P2X7R. wherein amino 
acids corresponding to positions 488 to 494 of the wild-type ATP 
gated Ion channel P2X7R as depicted in SEQ ID NO: 3 or 4 are 
deleted; 

a genomic ™.eleo.ide sequence encoding an ATP^ated ion channel 
P2X7R. Wherein in the intron as Indicated In column "Intran" of the 
following Tal^e B the nucleotide as indicated in column -Replaced 
nucleotide- of Table B corresponding to the position as Indicated in 
column -Position in wild-type" of Table B of the wild-type ATP-gated 
ion channel P2X7R nucleotide sequence as depicted In SEQ ID NO- 
1 IS replaced by another nucleotide 
Table B 




.^^^'^^^^^"_^"^_-nco^snATP^t^ ion channel 
P2X7R and Which contains a rnufation in the'^iiSFTl^ion^ 
corresponding to position 54925, 55169. 55170. 55171 or 55917 of 
the wild-type ATP-gated ion channel P2X7R nucleotide sequence as 
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depicted in SEQ ID NO: 1. wherein at said position said nucleotide is 
replaced by another nucleotide; 

(g) a nucleotide sequence comprising at least 20 or 21 nucleotides and 
comprising the mutations or deletions as defined in any one of (a) to 
(f): 

(h) a nucleic acid sequence comprising a nucleotide sequence as shown 
in any one of SEQ ID NOs: 1 3 to 51 ; 

(i) a nucleic acid sequence encoding a polypeptide comprising the amino 
acid sequence of SEQ ID NOs: 6 to 12; 

(j) a nucleotide sequence which hybridizes to a nucleotide sequence 
defined in any one of (a) to (g) or to the nucleotide sequence of (h) 
and having a mutation as defined in any one of (a) to (f); and 

(k) a nucleic acid sequence being degenerate as a result of the genetic 
code to; the nucleic acid sequence as defined in (j). 

2. The nucleic acid molecule of claim 1 derived firom mouse, rat or human. 

3. The nucleic acid molecule of claim 1 or 2 which is DNA, RNA. PNA or 
phosphorothioates. 

I 

4. A vector comprising the nucleic add molecule of any one of claims 1 to 3. 

5. The vector of claim 4 which is an expression vector, a gene targeting vector 
and/or a gene transfer vector. 

6. A host transfonned with a vector of dalm 4 or 5 or transfonned with the 
nucleic acid molecule of any one of claims 1 to 3. 

7. The host of claim 6 which is a mammalian cell, an amphibian cell, a fish, an 
insect cell, a fungal cell, a plant cell or a bacterial cell. 

8. The host of claim 7, wherein said mammalian cell is selected from the group 
consisting of CHO cells, HEK293 cells. COS-7 cells or PC12 cells. 
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9. The host <rf c.ai,n 7. wherein said annphibian ceH Is an oocyte, p,efe,«bly a 
Xenopus oocyte. 

10. The host of claim 9. wherein said oocyte is a frog oocyte. 

11. The host of claim 6 which is a non-human transgenic organism. 

12. The host Of claim 11. wherein said non-human organism is a mammal 
amphibian, a fish, an insect, a fungus or a plant. 

13. A method for producing the polypeptide encoded by a nucleic acid molecule 
Of claims 1(b^ or 1(d) comprising culturing/mising the host of any one of 
claims 6 to 1 1 and isolating the produced polypeptide. 

14. A polypeptide: encoded by the nucleic acid molecule of claim 1(b) or 1(d) or 
produced by the method of claim 13. v / v ; or 



15. 



An anybody specmoally directed to the polypeptide of claim 14, wherein said 
anbbody spedfically reacts w«h an epitope generated and/or fonned by me 
n~.a.on in the ATP^ fen channel P2X7R selected fton, the glp 
consisting of: a-^ujj 

« an epitope specifioally presented by a polypeptide which has an 
am,m. add sequence of an ATP^ated ion channel P2X7R, wherein 
the R (Arg), G (Gly), E (Glu). L (Leu). R (Arg), I (He, or R (A,g) residue 
con^spondlng to position 117, 150, 186, 191. 270, 568 or 578 of the 
wiid-type ATP-gated ion channel P2X7R as depicted in SEQ ID IMO- 3 
or 4 IS teplaced by another amino acid residue- and 
(«) an epitope specifically presented by a polypeptide which has an 
amH,o..5ciiseguen5^ 

Amm^ ^^.m^^ >• - • 



amino acids corresponding to positions 488 to 494 of the wHd-type" 
ATP-gated ion channel P2X7R as depicted in SEQ ID NO: 3 or 4 are 
deleted. 
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1 6. The antibody of claim 1 5 which is a monoclonal antibody. 

17. An aptamer specifically binding to a nucleic acid molecule of any one of 
claims 1 to 3 or to the polypeptide of claim 14. 

18. A primer or pair of primers capable of specifically amplifying a nucleic acid 
molecule as defined in any one of claims 1 to 3. 

19. The primer of pair of primers of claim 18, which is selected from the group 
I consisting of SEQ ID NOs.: 52 to 1 1 1 . 

20. A compositlori comprising the nucleic acid molecule of any one of claims 1 
to 3, the vectpr of claim 4 or 5, the polypeptide of claim 14, the antibody of 
claim 15 or 16, the aptamer of claim 17 and/or the primer or pair of primers 
of claim 18 or' 19. 

21 . The composition of claim 20 which is a diagnostic composition. 

22. The diagnostic composition of claim 21. optionally further comprising 
suitable means for detection. 

23. Use of the nucleic acid molecule of any one of claims 1 to 3. the vector of 
claim 4 or 5. the polypeptide of claim 14, the antibody of claim 15 or 16, the 
aptamer of claim 17 and/or the primer or pair of primers of claim 18 or 19 for 
the preparation of a diagnostic composition for the detection of an affective 
disorder. 



24. A method of diagnosing an aflective disorder or a susceptibility to an 
affective disoi:der comprising the step of detemnining in a sample obtained 
from an individual whether the P2XR7 protein expressed in the cells of said 
individual is non-functional, shows an altered ATP-gating in comparison to 
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25. 



26. 



me P2XR7 protein level an unaffected individual. 

A method for diagnosing an affective diso«Jer or a susceotlbili,,, , 
affective diaorter comprising the sten of d«.™- • ^"^"""""^ ^ 
f~m an individual wh^er IT^^I. ' ' ^"""^ 

thereof comprises TZ^ T " ^"^"^ 

sequence. """^P^ 

The me«„d cf claim 26. wherein said muteton is a mutetion as defined In 
Claim 1 and/or a nucleotide replacement or dele«on selected ZT2 

P2X7R genomic nucleotide sequence in which the .eplacementlr deteton 
occurs, in column "Nucleotide" of Table C nucleo^e whlc^irr^ltd 

rrr -encT Of Jiurrp:rr'r:,^;;':: 

depicted in SEQ ID NO: 1 "annei i-^a7R as 

Table C 
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exon 3 


C 


26188 


exon 3 


A 


26308 


exon 3" 


G 


26422 


intron 4 


G 


32394 


intron 4 


T 


32434 


exon 5- 


G 




exon 5 


G 


32506 


exon 5 


C 


32507 


exon 5 


C 




intron 5 


A 


30700 


intron 5 


T 


3*^300 


intron 5 


C 


3R37A 


intron 5 


A 


3*^370 
Ovjo f 0 


exon 6 


G 




exon 6 


T 




intron 6 


T 




intron 6 


G 


ooo*f 1 


intron 6 


A 




intron 6 


T 


ODUU J 


intron 6 


A 




intron 6 


deletion of G i i r 


ODU^ I lO 0DU^4 


intron 6 


0 


00 lUo 


intron 7 


c 




intron 7 


G 


000 r 0 


intron 7 


T 


0000 r 


intron 7 


G 


3R'^Qft 
OOOoO 


intron 7 


C 


Of *tOi7 


intron 7 


T 


37Ri 
Of 0 1 0 


exon 8 " 


C 


0/ DU*f 


exon 8 


G 


0# DUO 


exon 8 


G 


0 r 0^0 


exon 8 ' 


C 


0 1 000 


intron 9 


C 




exon 1 1 


G 




exon 1 1 


C 


47411 


Intron 11 


T 




intron T2 


C 


OU f 


intron 1'2 


G 


QH-OUO 


exon 13 


c 


0*tOt7y 


exon 13 


A 


54480 


exon 13 


C 


54523 


exon 13 


deletion of 

CCCTGAGAGCCACAGGTGCCT 


54562 to 54582 


exon 13 


A 


54588 


exon 13 


C 


54664 


exon 13 


G 


54703 


exon 13 


A 


54804 
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27. 



The method of claim 26. wherein the occurrence of the mutation in the ATP- 
merhoclr "^'^ " ^^'^ °^ immunoioglca. 



28. The composition of claim 20 which is a phamiaceutical 



composition. 



29. The pham»ceu«cal composition of claim 28. optlonally ftirther comprising a 
phamraceutlcally acceptable carrier. 

30. A method of treating an affective dlso„ier comprising admlnlsteri,^ a 
therapeutically elTecUve amoum of the nudeic add molecule as defined in 
any one of claims 1 to 3 or a therapeutically effective amount of the 
polypeptide of dalm 14 to a subject suffering from said disorter. 

31. Use of the nucleic acid molecule of any one of claims 1 to 3. the vector of 
cla.m 4 or 5. the polypeptide of dalm 14, the antibody of daim 15 or 16 
and/or the aptamer of daim 17 for the p«pa,ation of a pharmaceutical 
composition for the treatment of an affedive disorder. 

32. A pham»ceMtical composition comprising a nudeic add molecule 
comprising a nudeotide sequence whid, encodes a functional ATP-gated 
.on channel P2X7R and which is seieded from the gioup consisting of 

« """I^Xid e sequence encoding a polypeptide comp rising the amino 

acid sequence as depicted iii SEQ ID NO: 3"or4i ^ ' ~ — ' 

(b) a nudeotide sequence comprising the nudeotide sequence as 
depicted in SEQ ID NO: 1 or 2; 
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(c) a nucleotide sequence which hybridizes to the nucleotide sequence of 
(a) or (b); and 

(d) a nucleotide sequence which is degenerated as a result of the genetic 
code to the nucleotide sequence of (c). 

33. A phamnaceutical composition comprising a compound the administration of 
which to cells leads to a reduction of the expression of a nucleic acid 
encoding an ATP-gated ion channel P2X7R in the cells or comprising a 
nucleic acid molecule the expression of which in cells or the administration 
of which to cells leads to a reduction of the expression of a nucleic acid 
encoding an ^TP-gated ion channel P2X7R in the cells. 

34. The pharmaceutical composition of claim 33 which is an antisense nucleic 
acid, a ribozyme, a co-suppressive nucleic acid, IRNA or sIRNA. 

35. A method of treating an affective disorder comprising administering a 
therapeutically effective amount of the nucleic acid molecule as defined in 
any one of claims 32 to 34 or a therapeutically effective amount of the 
polypeptide encoded ttiereof to a subject suffering from said disorder. 

36. Use of the nucleic acid molecule as defined in any one of claims 32 to 34 for 
the preparatii^n of a phamnaceutical composition for ti-eating an affective 
disorder. 

37. Use of a modulator of P2X7R activity for the preparation of a pharmaceutical 
composition for treating an affective disorder. 

38. The use of claim 37, wherein said modulator is selected from the group 
consisting of piperidine and piperazine derivatives, adamantane derivatives, 
substituted phenyl compounds, brilliant blue, oxidized ATP, 2-0-(4- 
benzoylbenzoyl)adenosine-5-triphosphate and 3-0-(4- 
benzoylbenzoyl)adenosine-5-triphosphate. 
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39. The use of any one of claims 23. 30 or 36 to 38 or the mett,od of any one of 
o.a,n,s 24 ,o 27 or 35, whe^in sa,d affoCive dlsonier ,s seleCed Z «,t 

selected from the group constetlng of major depression, dysthymia, atypical 

d ~ '^'^ ~ ««-vJ 

h r °' ^-«™«»<' ^n^ety isomer 

2. The use or «.e method of data 39. «he»in said bipolar dteo-^er Is bipolar 
disorder type I or bipolar disonler type II. 

'. ^;''"«9thenuclelcacidmoleculeofanyoneofcla.ms1 to3.avec.or 
a 7 Y'^"' ^ o, cairns 6 to 1 1 . a polypep«de of Cairn t 

«n anybody o, Calm 15 or 16. an aptamer of Calm 17 and/or a primer or pat 
ofpnmerBofclaim18or19. H"nerorpair 

. A mefliod for identifying compounds which a,e capable of speCfically 
^mcangwiththepolypeptideofCaim 14, comprising the steps J 

(a) contacting a polypeptide of Calm 14 with a compound or a candidate 
mixture of compounds to be tested; and 

(b) detemiining whether said comp^nd or a candidate mixtu.« of 
compou^sjs^^abl^ 
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45. A method for the characterization of compounds which are capable of 
altering characteristics of the polypeptide of claim 14, comprising the steps 
of ' 

(a) contacting a polypeptide of claim 14 with a compound or a candidate 
mixture; and 

(b) determining whether the compound or a candidate mixture alters a 
characteristic of the polypeptide of claim 1 4. 

46. A method of screening for compounds which are capable of interacting with 
the polypeptide of claim 14. comprising the steps of 

(a) contacting a polypeptide of claim 14 with a compound or a candidate 
mixture of compounds; 

(b) measuring and/or detecting a response; and 

(c) comparing said response to a standard response as measured in the 
absence of said candidate molecule. 

47. A method for the production of a pharmaceutical composition comprising the 
steps of the method of any one of claims 41 to 45 and comprising a further 
step, wherein a derivative of said identified, characterized and/or screened 
molecule is generated. 

48. A method for the production of a phamnaceutical composition comprising the 
steps of the pethod of any one of claims 44 to 47 and fomiulating the 
molecules identified, characterized, screened and/or derivatized in 
phamnaceutically acceptable fomri. 

49. The method of claim 48, wherein the pharmaceutical composition to be 
produced further comprises neuroprotective substances, nootrophic 
substances, brilliant blue, piperidine or piperazine derivatives thereof, 
adamantine derivatives, substituted phenyl compounds, oxidized ATP, 2-0- 
(4-benzoylbenzoyl)adenosine-5-triphosphate or 3-0-(4- 
benzoylbenzoyl)adenosine-5-triphosphate. 



1 
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The method of any one of claims 44 fo 49. wherein said compoundfs) or 
candidate mixture(s) of compounds comprise(s) antagonlsf(s), partial 
antagon,st(s). partial agonlst(s) and/or agonfet(s) for an alte,«d ATP-gated 
ion channel P2X7R. ^ 

A method for diagnosing an affective diso^Jer of an individual comprising- 

(a) Isolating DNA from cells obtained from an Individual; 

(b) detemijning all or part of the nucleotide composition of the P2X7R 
gene; and 

(c) analyzing said nucleotide composition of P2X7R for the presence of 
one or more polymorphism(s) mutation or allelic variation. 

A method for diagnosing an affective disonJer of an individual comprising- 

(a) isolating RNA from cells obtained from an individual; 

(b) converting said RNA Into cDNA; 

(c) detemilning all or part of the nucleotide composition of the P2X7R 
gene; and 

(d) analyzing said nucleotide composition of P2X7R for the presence of 
one or hiore polymorphism(s). mutation or allelic variation. 

A method for diagnosing an affective disorder of an individual comprising- 

(a) isolating RNA or protein from cells obtained from an individual • 

(b) detemiining the levels of P2X7R RNA or protein; and 

(c) comparing the levels of P2X7R RNA or protein with the corresponding 
levels from a nomial Individual not afflicted with an affective disorder 
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Abstract 



The present invention relates to nucleic acid molecules, preferably genomic 
sequences, encoding an ATP-gated ion channel P2X7R which contain a mutation in 
the 5'UTR or 3'UTR regions, a mutation in exon 3. 5. 6. 8 or 13 or In Introns 1 . 3. 4. 5. 
6. 7. 9. 1 1 or 12 or a deletion in exon 13. which allow to diagnose affective diso^ers 
The Invention further relates to polypeptides encoded by said nucleic acid molecules 
vectors and host cells comprising said nucleic acid molecules as well as to methods 
for producing polypeptides encoded by said nucleic acid molecules. The present 
invention also provides antibodies specifically directed to polypeptides encoded by 
said nucleic acid molecules and aptamers specifically binding said nucleic acid 
molecules. 

Additionally, primers for selectively amplifying said nucleic acid molecules are 
provided In the pfesent Invention as well as kits, compositions, particularly 
phamiaceutical and diagnostic compositions comprising said nucleic acid molecules, 
vectors, polypeptides, aptamers. antibodies and/or primers. Moreover, the present 
Invention relates to methods for diagnosing affective disorders associated with a non- 
functional P2X7R protein, an altered ATP-gating of the P2X7R protein, an over- or 
underexpression of the P2X7R protein or associated with the presence of any one of 
the aforementioned nucleic acid molecules or polypeptides encoded thereby 
Additionally, the present Invention relates to uses and methods for treating affective 
disorders employing a functional or non-functional ATP-gated Ion-channel P2X7R. 
The present invention also relates to uses of modulatore of P2X7R activity for 
treating affective diseases. 

Furthemnore. the pfesent Invention also relates to methods for identifying and 
characterizing com,iounds which are capable of specifically Interacting with or 
altering the characteristics of the polypeptides of the present invention as well as to 
methods for the production of phamiaceutical compositions. 
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<110> NeuroNovaAG 

< 120 > A Method for Diagnosing and Treating Affective Disorders 
<130> XXX 

<160> 111 

<170> Patenan version 3.1 

<210> 1 

<211> 56580 

<212> DNA 

< 213 > Homo sapiens 

<220> 

<221> exonl 

<222> (3000)..(3I24) 
<223> 

<220> 

<221> exon2 

<222> (24841)„(25009) 

<223> 

<220> 

<221> exonS 

<222> (26134).. (26202) 

<223> 

<220> 

<221> exon4 

<222> (30958)..(31030) 

<223> 

<220> 

<221> exon5 

<222> (32481).. (32577) 

<223> 

<220> 

<221> exon6 

<222> (35416).. (35496) 

<223> 

<220> 

<221> exon7 

<222> (36113)..(36242) 

<223> 

<i220> 

<221> exonS 

<222> (37541).. (37677) 

<223> 

<220> 

<221> exon9 

<222> (45470)..(45560) 

<223> 

<220> 

<221> exonlO 

<222> (47229)..(47295) 
<223> 

<220> 

<221> exonl 1- 
<222> (47380)..(47529) 
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<223> 
<220> 

<221> exojQl2 

Jigj (50438)..(50539) 

<220> 

<221> exonl3 

J|g> (54392)..(54889) . . 
<400> 1 

tgtggtcccagctactcaggaggctgtggtagggggatcactggagcccagaagtttgaa 60 
gctgcagtga gctatgattg cgccacfeca ctccagcctg gacgacagag caagacccag 120 
tctctaaaat aaattaatta aattaatttt ttaaaaagaa agataagata aagagtcata 180 
gaagtacaaa tgagaaacca ggagaacatg ggacccagga aagtcatgga aaccaaggga 240 
aaatactggtccaagatgcagaaagtagccagtgatgttgaatgcatccaagagatcaag 300 
taacalaaggaataaaatatatccacccagtctggcaactgagaagtctttggtaacctc 360 
attgagaaca gaatccatgg agtggaggag gtagcagtga tgaaatagcg gacaagggct 420 
gaaggag^g agaggggaga gcatgaggga ccagtgcaag agtgcagcag aaagacaaca 480 
aacaggccgggtgtagtggctcacgcctgtaatcccaacactttggtaggctaaggcggg 540 
cagategcttgtgaccaggagttcgagaccaacctagccaacatggtgaaaccccatcte 600 
tactaaaaacacaaaaatcagctgagcgtgcgcatggctgtaattgcagatactcatgag 660 
gctgaggcac aagaatcgct tgaacccagg aggcaggggt tgcagtgacc caaagtetfe 720 

ccactgcactacagcctgggcaacagggggagactccatctcaaaaaaacaaaaaaaaaa 780 

aagaaagaaagaaaagacaaagaaagaaagaaagaaagaaagaaagaaagaaagaaagaa 840 

agaaagaaagaaagaaagaaagaaagaaagagaaagaaggaaagaaagacaagaaaatag 900 
atgtctttga gtggtagcaa gagcaacact gaagtgattt gcclattetg gacatttca 960 

ataaatggagtcgtaaaagatgtatccttttgtgtctggcctctttcacttaagcgtagt 1020 
gttttcaaggttcatccatgttggagcatgggtcagtgttteattectttttatggctga 1080 
ataatattcc cttgtatgga ctttcgtgct tttgtgtatc catccatcag ctgatggaca 1140 

mgacttgtctgcctgttcac^gccatatctactattcctgg,gctottgggaat^^ 1200 

gaatgaatagcataaacagagctgtccaaggtcacagagc^taagatgtgaagccagg 1260 
atcggaagccaggccattagtcccctagagcctatgttetaagcatcaggcto^ 1320 

gaatctcctctttttacagatgaagatgactgtatcactcagatttxcggcaggaaa^^ 1380 

atggcatactcaagtggggtaactaatsatggaaccamacaaaggtgtggacagagtt 1440 

aagaaaaagcaataggagatagtgagcttcaggggctggtaagagtggggagcccttac 1500 
-cactcc<^gg^ctaMggas.ggag!Bgtgc^gaas<xfr.te^^ 

gggMffigccagggagtcacgtccatcctoactgcBMccagtctoctgaactggaagcc 1620 
agaaggigaggggaaccctgatgcagtttgtatgtgtgagaaagtacaattagtttagac 1680 
Igaaaaactgaaaatctacccggccacttagcaggctggaataacagaaatggatcaagc 1740 



cagctgtaaa gataacaggg aacaataatt ctc^tagct gtaaagtgat aatacaaccc 1800 
tgcatctttg agtgactgct gaaacattgt cctttaaaat cagagacctt cagaaacttc 1 860 
gctgtttgaa attacatgac taagactgaa atattccaat tttgcctgga agatttaagt 1920 
catcttgaca cagagaagca gcctcaattt acaactcagg agcagagctt cagataaaga 1980 
mtctggac acatttgaca tgtatcttag ctatgttgct tcctaggaaa cagggccctg 2040 
ggtcctcttt gcaatccaga ctgaagttga ctgctttgta caaacctgtc t^ctttgag 2100 
tccatt:aaaa catgacttca tttagatttt atctcaactc cactttcctc ggaatcctat 2160 
actaaattgc tgttttcctt ^ggtga tgtgcgtagc tcttctggtg ggtggtgtcc 2220 
ctcactgaat aggtcaacaa acctaacttt gttggactgc cactgtgtcc c^gtgau^t 2280 
ttggctgatt ggtctaggtc atagatcgac ctgccggggt gcagaggagg gtggagagta 2340 
acteagaggg tcaagcatga aagatctggc agaaaaataa agcccctcca cccccaccac 2400 
ccctacccct gcaaatctga tttcccccac caactgcaga ccagagtatt ataaggggcg 2460 
gcggaagaag agggggagat cttcatttac ccagagctcc tatacatcag gggctgaata 2520 
aagggttgta gaaatgaa^ aatcaatctc ^agtggggc ttcaggcagt ggaaagatct 2580 
cagtcctttt ctgaggcata atggaagctc ccagtcttgt gacatttgca aggctgcccc 2640 
tttctcccaa gagacatgag accaaaaaag tgaaaggaaa ggggggaaaa gggagaattc 2700 
tgaaaatgcc catcctctga acaccatctt tgtgtaggca tctgggggag gccagctggg 2760 
gtgaggtcat ctgccagcca ggcccgtagg acttggcgct tcttgtttat cacagccaca 2820 
tgtggggcca ctgccagggc ccgccccaac tctgcagtca ttggaggagc ttgaagttaa 2880 
agactcctgc taaaaaccag tacgtttcat tttgcagtta ctgggagggg gcttgctgtg 2940 
gccctgtcag gaagagtaga gctctggtcc agctccgcgc agggagggag gctgtcacca 3000 
tgccggcctg ctgcagctgc agtgatgttt tccagtatga gacgaacaaa gtcactcgga 3060 
tccagagcat gaattatggc accattaagt ggttcttcca cgtgatcatc ttttcctacg 3 120 
tttggtaagt gggatctggg gaggacccag atctctgcag tggcxgacag cacagaaagc 3 180 
cccagcgggc agcttcaggt gcacattctg aatctcacat ggttttcgaa tctgagacgt 3240 
gctctcacag ccagctgggc gggagggagg aagcagcagc aggcaagagg aaacggtgcc 3300 
aggctgcagc agagagaagc cacaggacaa gcgggattcc tttctgctct actteaggcc. 3360 
cgccagggcg cgcagggcag ggcgtgcctg gggaaggtag gaaagcgcag ggcaacaccc 3420 
tggatcccca gggaggaggc gaggatctca gggcacgcct ggtgatcatg ctggcatctg 3480 
agtcaccatg cttgggagga ataggaccag gcttgaaaat gtgttataac tttaggtcct 3540 
caccaacgtc aggaaggccc tgctmtgg tttttgtttc ttctaaaaga aacttactga 3600 
gatataattt atacaccata caattgaccc atttaaaggg taccatttaa tgattttcag 3660 
attattccca gagttgtgca accatcccca aaatcaattt tagaatam taatcgactc 3720 
aaaaggaatc ccacactcct tcaccatcat ttccaacact gttcctcctc cttcccaccc 3780 
atcaatttcc tttctgcctc ta^atttg ccgattctgg acatttcata taaatggaat 3840 



cacataatat gtggtecwgtggcacttegcgtgtttteaatgctcalccatgttgtag 3900 
catStgttgatacttcattcaatttttttttttaaagagacggggtctcactattttgic 3960 
caggctggtctcaaactcctgga«caagtgatctgcctgccicggcctcccaa^ 4020 
aggattacaggcgjgagccattgcacccggclgatacdcattcctttttacggctgagt 4080 
agtactixattgcatggataga<xacttttttctatccattcatccattgatggacattg 4140 
gggtlgtttctcttttttggctatcateaataatgccacatgaacatttgtgtacaaggt 4200 
tttatg^gatatatadctcctttctctcgaatatgtacctaagagtaaaaattgctag 4260 
gtcatatgttaactatgtttcacctttggggggaatgtggagctgaatttcacagcagct 4320 
gcagttttttacMttcmtcagcagagtatgagggatccaattlctccacatcctcacc 4380 
aacgcttgttatcgtctgtctttttgggttttgttgttgtcattttgtttttgtctttga 4440 
■gatgaagtcttgctctgttgcccaggctggagtgcagtggcgcaatcttggctcactgca 4500 
acctccacctcwcggttcaagcgattctcctgcctcagcctcatgagtagctgggato 4560 
caggtgtgcgtcaccactcctcactaatttttgtatttttagtagagatgaggtttcgcc 4620 
atgtaggccaggctggtctcaaactcctgacctcaagtgatccgcccaccttggcctccc 4680 
aaagtgctgg gattacaggc ktgagccgcc acgcccggct gattgtctgt cttttttatt 4740 
atagccatgc tagtgggtgt gaagtggtag ttcattgtgg ttgtgatttg aatttccctg 4800 
atggtgagtg cctcttattc tctgtgctga ttgataatga tgatgaaggc aatttgtatc 4860 
tatagagtgg cagtgtagtt tactaagagt tagggtaact tatttcatag tactggctat 4920 
gtcttctggg ccaagtcatt aacttctctg agcctcagtt tctgcatctg tt^gggt 4980 
tgtggcaatt aaccaaaaaa aaaaggcatg aacagccctt atcatga^a ctgacatagg 5040 
ataagagctc cataactagt atctattttt aaaaataatc tttttaagtc tgggagtggt 5100 
ggctcacacc tgtaatccca acactttggg aggccgaggc gggtggatca cgaagtcagg 5160 
agtttgagac cagcctggcc aatatggtga aaccccatct ctactaaaaa tacaaaaatt 5220 
agtggggagt ggtggtgcac acctgtaatc ccagctacta gggaggctga ggcaggagaa 5280 

tcgcttgaacccggaggcggaggttgcagtgagccgagatcaagccactgcactccagcc 5340 
tgggtgacag agcaagactc catctcaaaa taataataat agtaataatt tttttgatta 5400 
tataatagta tatatgtata taaaatacat gtatgtattt ttatctatat cctctgctct 5460 

gaccctcaaagtaaccacgtccaagttcaggatttgaaatctggaaacgtggattcaaaa 5520 
atccttcaccictttgagccttggtdcatcatctgtaaaatggggagaattgttgatag 5580 
gaatattaaa tgaactaata aatgcaaagc tgtttgagaa atatatggca tatagtaatc 5640 
cctgattaag igttagttct tattattaat aatgctatta ttaggattat tattattcga 5700 



153^.-5-760- 



gtggcccatgcctgtaattccagcactttgggaggccaaggcgggcaggtcacttgaggt 5820 
<»agagtttgagaccagcctggccaacgtggtggaaactccgtctgtgctaaaaatacaa 5880 
aaattagccgggcatggtggtgggtgcctgtaatcccagctactcgggaggctgagacag 5940 



gagaatcact tgaacccagg aggtggaggt tgcagtgagc caagattgca ccactgcact 6000 
ccagcctgag ccacagagca agactctgtc tcaaaaaaaa aaaaaaaaaa aaaaaaaaaa 6060 
tatatatata tatatatata tatatatata tagtattttt agtagagatg gggttttgcc 6120 
atctcttata tatttttata tatttatatt ttttatatat ttatatatat ttatatgtat 6180 
cttatatatt tatatatatg tgctgaaatc taaaataaga catatcactt aaaccagcta 6240 
tcacaggacc aatggtaaag agcataatta gtaaa^ccc ccttctgcat taatacgtag 6300 
attgtatgtc acaatttcat gtagcaggtg atggggcttc ctgacattct tgggcccagc 6360 
atacaatctt tttatttctt ttttagagac agggtctcat tgtgttgccc taggctggag 6420 
tgcagtgtca ttatcacagc tcgccacagc ctcaacttct caggctcaag tgatcctccc 6480 
gcctcatcct cccaagtagc tgggaccata ggcacacgcc a^a^tc^ actaattttt 6S40 
tatttttttt tgtggagatg ggggtctccc (aigttgctc aggctagtct caaactcctg 6600 
gactcaagtg atcctcc^c ttlggcctec caaagtgctg ggattatagg catgagccac 6660 
tttgtctggc ctacaattcc ttttctttct ttctttcm ttm^ 6720 
gagtctcact ctgtcaccta ggctgtagtg cagtggtgtg atctcagccc actgcaacct 6780 
atacctccca ggcccaagca atcctcccac ctcaacctcc cgagtagc^ ggaccacagg 6840 
tgtacaccac cacgcccagc taattttttg tatttctggt agagacaggg tttcaccata 6900 
gttgtccagg ctggtcttga actcctgagc tcaagcaatc cacccgcctt ggcctcccaa 6960 
agtgctggga ttacaggtgt gggtcaccat gcccagcctt caatttctfc agattattgt 7020 
ataataataa aatctctaaa aacagattac tatgagaaca ccttgtaatg ataaatattt 7080 
ttctttcaca tggtgaaatc ataacttaca ^tatttaac tccctcaaat tcagttatac 7140 
atgttccatg gggacatgga gagagagaga acaatataaa taatgcaatg attcagcaac 7200 
cgggttcgct ggagtaggtg tgagatggga tactggcatc tggtgttccc tccgtcaatc 7260 
tctgttccca cgtgcttttt agcgagcatc ttgctgctct acttattaat ctaggtacat 7320 
atttttcagc cacatgaccc ctaaaataag tcaactcctt caccttcacc tggagcaaaa 7380 
ctgtaaaaac agcaacttgt tctagatctg gaggcaaaat tggttccagc agacccactg 7440 
ggaagtggga ggtgtttgct atgctttgtg gacaatttaa gtgtttaaaa ggcaattttg 7500 ^ 
atgagccatg attttcatct taagtgccaa ctttagaaga taaccttcat ataaaagttt 7560 
ctctacagtt tgtattttaa aatataaaat ggaagaaaaa actatcacca gctttgcttt 7620 
tttcctcttg gttaatggac tatctattaa cgtctcacta aatggccaaa tggagtctca 7680 
cagtacacag tttgggaaat gctgccttaa gttgctctgt gaagccttaa gttcgtgtaa 7740 
ccatgactta gccatctgtg aaatgggtag acccatgggg cataggaatt ggggaatgta 7800 
ttttgcatca agtaggactg gtgtggacca caggtggaaa tccagacagg ctcgagcaat 7860 
gttcaggata cagcagcaag tgacaggttc tggccagctg cccctactgg ggctgcaagg 7920 
actaagagcc aggataagga gacagggcct cggttattga aaa^ggata caaagcaggg 7980 
ac^ttatg gcggaaatta accaagaggc tgttcagctt cttctattct cacaaccaat 8040 



tcagatctggattcaaaggcagggatgcagctacaagaggagmgtgttggaggtcgt 8100 
gtegataggatgctaagcaggtctgigtcagccaggatcgtttgggcagtaagtgacaga 8160 
aacccaacttacgttaaccacaaagcctcaaaggggaatttattggatcatgtaactggc 8220 
cagttgaagagatggtgctgtoctcggacgtggalgaagataagagttcaaacigtgtca 8280 
tcaggacgga tccgtetccctacatcctggctccatdgcttctamggcO€p^ .834Q 

gaacaactctgtatgtacaagatotcxteacattctottettttaacaacctcagaggag 8400 
caaacaagtctdcctgatagctctgma gaaagtcccaggaaagactotgattgatca 8460 
gatgtgagttacagatccatccctgaaccaatcactgtggccagggccaaggtgtcat^ 8520 
cattggccagcctgggtcatgtgctggctcccgtagcaggaagtagggagaagacgaggg 8580 
agccgtgtgagccctacgtgaaccacatccagtggattttccttaggaaggaagattcig 8640 
tgaccagaccaaatggaaaaggaagtggggagggtaggcagacaaaaatcggtgatctat 8700 
tacaaggtctttccaaaagccagaaatlagggatttctaagtgtacctactagtcctgg 8760 
cttgtctcagccctgcagrtgggctgtggaga<»ccatcagcaattgctgacccc^ 8820 
coaccteggccccttcctgagtcccaccaggagccctgctcxicatctgggaw^^^^ 8880 
cttggcccat ggaggttgcc agctcacctt ggtactttac tactatttgg tttetgtgac 8940 
caccaagctg ttgcttaaac caagccgcct atggtggcac cactttggag aattcttttt 9000 

tattttttgagacaggttctcactctggttaccgagactggagtgcagtggtatgatctt 9060 
ggctcactgc agcctcgacc tcccgggttc aggtgatttt cccacctcag cctccccagt 9120 
agctgggact attggtgcat gccactacac ccggctcatt tttgtatttt tagtagagac 9180 

ggggtmgccatgttggwgggctggtcttgaactcctgacctcaggtgatctgccccc 9240 
ctcggcctgt caaagtgctg aaattacagg cgtgagccac cgcacccggc ^gataatte 9300 

tttagattttattccaagtgggttgagaagccatgggaagattgtaagcaaaggaataaa 9360 
agttggttgc attctctttg gaggatttcc ctcttccag gagaccagtc ctcacagaag 9420 
cttttccaat ggccacagaa gactaaggaa gattgagaga ggcacaggaa acaattecac 9480 
tcagagctgc tgcttcgcca ctgcccagtc agcctccact ggcgccaaca cgagcctatg 9540 
ctgtcattcc tgggcccagg ctggctgtcg ctgtggagat ggtgclgctg tgctagtttg 9600 

tggctgtmaatggagctcctggctggacacctgmcccag^gtggccacaaacct 9660 
gtgagtctgg gcctcctcca gctgagtaga agtgagccca gcacagaggc cggggaggcc 9720 

ccagacgccaggaggagcaaatccaaalccaacccaagcatggcccctetgaccctgacc 9780 
atcttttmttttttmtttttgagacagagt«ccctMgtca^ 9840 

cagtggcacgatcttggctcattgcaaaxccacctectgggttcatgcgattetectgc 9900 
„ctoagpc^^^gegggajgcagg<a!Uci^ 

tttagtagagatggggttctgctatgttggctaggctggtctcgaactectggccteaag 10020 
cgatccatecgtettggcttcccaaaatgctgagattacaggtgtgagccactgcgccca 10080 
gcc^cccctgactgccttcagaaaagtogaagcaggaggtctgccacattctcatccca 10140 



tccttgacac ctgggtgatg ^ctagagct tgaggggaag gtcagaggta acccagttog 10200 
ggaagtgacc ccgtaggagg agaagaatec agccacgtga cacacagtac gaagagaaca 10260 
gtaaatgcaa agacctggaa acgaggaaca gcaaggacag catgtcccag aacctgggga 10320 
gagaggaggg agcagccgga gctgagggca gctcagggga agagttgcta tttgattttc 10380 
agtgcatggg aagccactga aaagttttat gcagagaagt aaaaccatct cactcatgtt 10440 
tctagaagcc ttatgggcca ctgtgcagag catagag^ ggtgggacaa gaatgacggt 10500 
gaggaaccag tgagaaggtt cctggagtca ccagatgcga ggagatagag gcttgggcta 10560 
gaatgggctg gcggagc^ agagaggtgg acaaagctga gatgtgtttt ggaggcagaa 10620 
atgatagatt tgccaggagg tgaaaga^g ctctagattc ctgaggaacg a^algcctt 10680 
ttaccaacct gaagaagacc aaggagaggc ttgaggacta acacggaact gtgaaggagg 10740 
ccaggcaaag gtggagactg ccgtgagctg tgatcacgcc actgcaccct cgcctgggtg 10800 
acagactgag accctgtctt aaaatatata tgtaataaaa aataataaat aaagggccag 10860 
gcgtggtggc tcaacgcc^ taatcccaac actgggaggc tgaagcaggt ggatcacctg 10920 
aggtcagaag ttcaagacca gcc^gtcaa catggcgaaa tcccatctat aataaaaata 10980 
caaaaattag ccagacatgg ^gcacatgc ctgtaatccc agctacttgg gaggctgagg 11040 
caggagaatc acttgaacct gggaggcaga ggttgcagtg agcctaaatc acaccactgc 1 1 100 
acCccagcct gggcaacaga gtgagacccc ataaataaat aaataaatac ataaataaag 1 1 160 
gatatcaggc aagcaattaa aacacctgcc tactaccatc tatccgcatc ctttttttca 11220 
tgtctaacac caaaacacca aaatagctgg aaacatatca tgtcaaaaga taagcatgat 11280 
tctttcaaat gaatggctgt ggacttatga aaagctgcct ccgcgtctga ttttcttgtt 11340 
tcaaggggta atgatggagg tttctctcct gcacctgcag gcctccgggg atgctgcccc 11400 
agtgcagcct cccaccctgg gctggagcct cccagccccg ctgcatgggt agcacagtgt 11460 
tgggaagagg aaggagcagt ttgtctggct ttttcacagg cccacagctg gccggtacag 11520 
tggcagagaa ggcgaggctg aggtggggct ggggaagcca gcaggggcct gatcatggag 11580 
cgccttgagc tgcatcccac aggtactgag aaagcatgga gagctgtccc ccagccccca 11640 
gcatcttatt agaaaatatt gaaacataac agaaaacatg aagggtttta tgttcatatt 11700 
ttcattttag agagatcatt ctgcttgaaa tataacacct actgagtact gctgaggact 1 1760 
taccatgtgc cgggttctgt tcttagcatg tgacatgtat tggcctattt gattctccta 11820 
cataatcctg gaagattggt tgtgggagtg ggtgatcatg acctgaacag cctaacca^ 1 1880 
tttagggaac actctgtgtt atgcgttcca ocacacaatt catgtcacag ctgaatgtcc 11940 
cagtttccct tgcagctagg acacaacggg agacccaagc tttccaaaca tatgccccag 12000 
gcaacacm gatacacaag gaataacact ggatgctggg tgtgcacaga attcaaactc 12060 
aggaatggag ggaagtactg ccctttgacc catacaatag gggatcccct tccttggacc 12120 
ccatggctta gagggcccca ctctgtccct ctgcagactg tgagctgccc tatggaatga 12180 
ggggtgtc^ aggctgtatt aatttccatt tgttacacag cagtggaaac taatacagtc 12240 



ccacaggcctaaatcaaggcgtcagcaggctgagttcctgcctggagactctggggaaaa 12300 
ttcacttccaaa«catttttgttgttggcaaaattcaatcc(«^^^^ 12350 

ggctetgctocteactggctgtoagcctggggccactcteagattcteaagtectccca^ 12420 
attccctgcc acatggtcct ctecatctec aagcctgcta tgacacaacg cattgttotc 12480 
atgcttcaaa tctetgactt ctctcccggg accagaagaa gaatacictc ttcttttaag 125.40 

gggctcatgtgattgggtcaggtcaactotatcalatcatggagtctoaccgtottgccc 12600 
aggtgggtot tgaacacctg ggctcaagtg atectcctgc gttggoctcc caaagigctg 12660 
ggattacagg cgggaactgc tgtgcccagc caaggccagc atcttcagac ctetctgccc 12720 
tgtwcacatggtottetectott^gtgtgteaaatctcctteigc^^ 12780 

aaggacgtgtgtaa«agcacteaggg«xacctggatgacacagggtcatctcgccatct 12840 
caaaatcgtt aactttggcc aggtgcagtg gcteatgcct gtaatctcag cactttggga 12900 

ggctgagacaggtggatcacdgaggteaggagttcaagaccagcctggccagcatggtg 12960 
aaaccctgte tclactaaaa atacaaaagt tagctgggca cgcacctgta gtcccagcta 13020 

cteaggagactgaggcaaaagaatctctagaacctgggaggcagagactgcagtgagcca 13080 
agattatgccactgcacttecagcctgggggacagagtgagacttcatctcaaaaaaaaa 13140 
aaaaaaaaga tgactgggca cggtggctca catctgtaat cccagcattt gggaggccca 13200 
ggtgggcaga tcacctgggt tcaggagttc attcaagacc agcctggcca acatggtgaa 13260 

agtctotctctactaaaaaaaaaaaaaatacaaaaattacccagatgtggtggcaggtgc 13320 
ctgtaatecc agctacogg caggccgagg caggagaatc acttaaacct gggaggcaga 13380 
gggtgcagtg agctgagatc actetgctgc actccagcct ggacgacaga gcgaaactcc 13440 
atctcagaaaaacaaattaaccaggcatggtgctgcgtgcctgtagtcccagctactggg 13500 
aaggctgagg tgggaggatt gcttgatcct gggaggttga ggctgcagjg agctgtgttt 13560 
gtgccactgc actccagcct gggcgacaga gtgagaccct atctgaaaaa aaaaaaatcg 13620 
gccaggcgcg gtggctcacg tctgtaatcc cagaactctg ggagactgag gtgggtggat 13680 
cacctgaggt caggagttcg agaccagcct gaccaacagg gtgaaacccc gtctctacta 13740 
aaaatacaaa aattagctgg gcatggtggc aggcacctat ataateccag ctacteggga 13800 
ggctgaggca ggagaatcgc ttgaactcag gaggcagagg ttgcagtgag ccgaggtcat 13860 
ggcattgcac tccagcctgg tggcagagtg agactccgtc teaaaaaaaa gaaagtctct 13920 
ttttacaact tttttgaggt ataacttaca tatcagaaaa tcaccggttt taaatataca 13980 
tttcaacgacttttagtaaatttcccaagttgtgcaaccatcatcacaatccagtttcag 14040 

aacatttcatcagcccagtaagagccctcacacccattaacagtcactccccactoccac 14100 
-ttcetrejgg.tggtlgctea.afixaptaa.^^ 



tgtcttttctggacaaictttcttettaaacicagcagagigagttctgttgtttagaac 14220 
ta»mc«:tg«5caatagaatactaatetcctcttgttttgcaagggagttagag 14280 
gctctgtcgc ccaggctgga gtgcagtggt atgatetcgc ctcacttcga cctctacctt 14340 



ccggattcaa gcgattctcc tacctcagct tcctgagtag ctgggattac agacgtgcac 14400 
caacacacct ggctaatttt tgtactttta gtagagatgg ggtctcacca tgttggccaa 14460 
gctggtcttg aactcctgac ttcaaatgag ccacccgcct tggcctccca aagttctggg 14520 
attacaggca tgagccactg cacccagccc taatatcctc ttattacaaa agaagaaaca 14580 
atgactcaga aagattaagt cacttaccca aggtcatgta gtcagtaagc aatagagccg 14640 
agactgaacc tcactccaaa gtctatgctc tcactaaagt attgcagtgt agagagtaga 14700 
ggggacaggg tgagactgga ggaagggagg gcatttagga gactauggg atgtccagat 14760 
ctgagagctg ttggcgacct ggac^gga ggtgatagag gcagaggaga gaagtagatg 14820 
aatttgagca tattaggaag tgaaacagta ggatttggca actgaacggg tgagtggaca 14880 
agaaggagag gatgagtcaa agagtgcacc atgcttctgg cttgggcaac tgatgggtac 14940 
^gaataact tgc^ggata ggaaatgcag gagaaacagc caatttgggg ^aagatga ISOOO 
ggtcaggactaaaggcattgagtt^aggtgtcta^gaatgtacaaatggagatgttga 15060 
atggatggtt ggatatacga ate^cagct gagatgtagg tttctatatc accagcatat 15120 
agacggcaac cagaaccctg gaagaaggtg caaccgacca gcaagagaag atgtagatga 15180 
gaaagcaaaa gggcctagaa cacgccccaa aggagtgcta acctttaagg cgtgggagcg 15240 
cagaagtccc caaaagattc tgaggagtag ccacggcgat ccagtgaaag tcaggcacaa 15300 
gtggactcct gcaagctaag ggaaggaggc gagggaagtg gggcatggtc acagtcagtg 15360 
tcaactgctg ctgagagttc caggaaggtc aggtccatgg ^tatctatt ggatctagtg 15420 
acaacgacat tgttgtttac ttggcaagag aggctttaga gaagggatgg gggtgggagc 15480 
cagactagag tgggtagagg agtgagtgaa tcaagatgcg gaagtggatg ^atgactcg 15540 
ccctttcttt cttctttctt tcttttdtt ttttttgaga tgcagtcttc ctecgtcgcc 15600 
caggctggag tgcgatggtg tgatcttxac tcaccacaac ctctgcctcc tgggttcaag 15660 
tgattctcct gcctcagcct tccaagtagc tgggattaca ggcatgtgcc accacacccg 15720 
cctaattm tgtattma gtagagacgg ggtttcacca tgttggccag gctggtctca 15780 
aactcctgac ctcttgatcc acctgcctca gcctcccaaa gtgctgggat tacaggcgtg 15840 
agccaccgta cccggcctgg tgactcactc tttcaaggga ctcagctata aagaagagag 15900 
gcatggagtg gtggtaggat ggattaagct ggggagggga ggcattttta agatgagaaa 15960 
tgatgtttaa atgcagatgg aaatgggaca ggagagaaag ggaagttgat gggataaatg 16020 
aaaattatca tcatcatctt cctcaccatc accagcagca accacaagga aagctcgttc 16080 
tgctctggga ctgccctgtt agacatttct tccttatact gagccacaat ctatctccct 16140 
gtaactttcg cctttggtta gagttctgcc ttgtgtccct cttctactct tcaaatggct 16200 
gcacgctgct actatgtctg tcctcttctt caaactcaca gcccccatcc tacgggccct 16260 
gtgctcccag cctggtgacc cgaccctcta ctgtcccagc caagttcaca tgaccatcct 16320 
cttatttgtc aagcctctct tttttttttt tttttttttt tttttgggag gagCcttact 16380 
ctgtcccagg ctggagggca tggcacaatc tcagctcact gcaacctc^ cctcctggtt 16440 



tcaagtgattcccctgcctcagcctcctgaatgctgggatlacaggcatacatcgccate 16500 
cctggttaattmgtatttttagtagagacggggtttcaccatgt^ccaggctggtc 16560 
«8^ctcctgacctccagtgatccccctgcctcagcttcccaaagt^^ 16620 

<«tgagccactgagccgggccaagccc«c^agaggcagtgtgcacactcagcmg 16680 
.c^atogaagcatgaaatggacaagtttttgtgatttgggaaaatgaactcagctataa 16740 
aatgtgcacacccagaagttgtcctatggacttaatgtcttaggggtgagaagaagcttg 16800 
tgcagggattcctggcaacatgaatgcg8gatggacagacagt8a8cacag.gttgagga 16860 
gcacagcc^agtgcatctccc.8agatcaggaacaggacaagga.gcccgc«caccg 16920 
ctgctgttcgacattgtactggaagttclagccagagcaaaaggcaagaaaaagcaata 16980 
aaaggcatccagattgtaaaggatgaagtaaaactatetttagtcacaggtggcacaatc 17040 
• «»t«»aig8agaatcccaaagaattcacaagaaaactgttagagcaaataaactaattc 17100 
agtcaagttgcaaggaacaagateaaccacaaaaattaattgtgtgggttttttttacac 17160 
cagcaatgaacatttgaaaaggaaattegaaaaagtatecattcactgtagcatttaag 17220 
aaagctgaggctgtgaagctacatggctgtgtttggagctggtgctgctatttaccatgt 17280 
gaccttggacaagcttcteacttcattcatgacaccgtttattcagctattaagtggggg 17340 
caataatagtaccttccaatagagttggttttttgtmtgtttttgtttttggtgggg 17400 
gagagtaaggattgcaagagaaatatatgttagcaaaatggacttagaagagtggttgg 17460 
cacatggtaaggactatattagggttaccaaaaaatgmataattgggaaaattgaaca 17520 
aaggttecagtaaatatccatcccagaggctggttgacaaattatcacaatgtaccmt 17580 
agcttgaacc atatggaact gcctatattc tatagctatg gcctacaaaa tgcaaaatgg 17640 
gcagtttttt ttgttgttgt tgtttgtttg tttgtttgtt tgtcttgaga cagtctcagt 17700 
c^ccag gctgaagtgc agtggcacga tcttggctca ctgcaacctc tgcctcccag 17760 
gttcaagcga ttctcctgcc tcagcctccc aagtagctgg gattacaggt gtgcaccacc 17820 
acgcccagct aatttttgta tttttagtag agatggggtt tccaccatgt tggccaggcg 17880 
ggtcttgaac tcctggcctc aattaatctg cctgcctcgg cctoccagag ttctgggatt 17940 
acatgagtga gccaccgagc ccagccaaaa tgggccgttt catatgttca atttaaacac 18000 
taagatactc tttagccact gaaaatgact gtgtatcata gatotatctt tateacagat 18060 
ctatctttac tgtcatagaa agaactaata acatattatt gaacaaaaat aacaagttac 18120 
aaaacagctt gcagccacgt ttgtaacate agatatcta tttgtgtgtc taggtgtgga 18180 

cataaagagatatctagaagacactcccattgccta^ggaa^et^g^tgggatet 18240 
tttttatttamatttatttatttatttatttamatttattttgagacagagtctca 18300 
_cjagMcccaggc^giaffipMtJg^^^ 

caggttcaaa cgattctccc acctcagc« cccaagtagc tggaaaata ggcacccatc 18420 
accgcaccta gctaatmt gcctttttag tagaaatggg gmcgccat gttgcccagg .18480 
ctggtotcaaactctigatctcaaaaatccacclgcctcagcctcccaaagtgctggaa 18540 



-r>7 

ttacaggcgt gagtcaccgc acccagctgt gatcttaatt tatatttttt ctttttaacc 18600 
cttgattttt accctgtttg actgacttta ggagtctgac ccccaaaact gcaaaagaat 18660 
aaattagtgt tgttgaaagc cactaagttt gtggtaattt gttagagcaa caaccagaaa 18720 
ctaatacaat cgggattaaa cttgccctgg gggtgctggc tctcccccac tttcttctca 18780 
gagcatctct tgggtcctcg ccccttgc^ agcccccacc atggccgggt ggaccagcga 18840 
tggacctgat cggattctcc tcttgggatt ttaaataaga gatgcagagg ctgcacgcca 18900 
agcttctctg tgccgcactg caggcacagt cctggcgcta ctgttcttta ggggtccatg 18960 
aaga^tttg ttggcctggc ttaggtgtga gctaagagat acaagggata cactttggag 19020 
gctcagccctttgatgttacctttgcgctggaagcccaggggctgtaagacggagaggaa 19080 
ctttgctgaa agggaggtec tccctgcaga gcttgaagag caatctaacc atgctggcat 19140 
ggggcccatc ccacctgtga tgccag^ta agtotg^ac agtcactcat attcagagca 19200 
tgtggattga gactctgaag aacgacttta tggtgggcac cttcatctcc atctggtggg 19260 
tccagagcaa gcagcctcag ggtcccatgg gcccaacctc accctccatc cttatttccc 19320 
tgccactcca gggctcctcc tcagccagac ttgcc^ga g^ccccttg atggctgtat 19380 
tagtctgttc toacgctgct aataaagaca tacccaagac caggtaattt ataaaggaaa 19440 
gaggtttaat gggcccacag ttccacatgg ctgggaaggc ctcacaatca tggcagaggg 19500 
cgaaaggcat gtcttaca^ gtggcaggca aaaagtgaat gacaaccaag caaaagaaga 19560 
aacctcttat aaaaccatca gatcccatga gacttactca ctaccacgag aacagtatgg 19620 
gggaaactgc ccccatgatt caattatcto ccaccaggtc cctcccacaa caca^aaa 19680 
tta^ggagc tataattcaa gatgaaattt ggatggggac acagccaaac catatcagtg 19740 
gccctggctt ctctcccatt agctctgttt: tacttcccaa aatctttcca gctttgttct 19800 
tttttagaga ctggagtctc actg^gttgc ccaggcttgt cttgaactcc tgggctcaag 19860 
ggatcctcct acctcggtct aacaagtagc tgcgaatata ggtgcacacc accacacccc 19920 
cacaacttac ccatcctccc cggctcagtg aaatccctag gtccttcaca ctcccgttag 19980 
ctccaggtac cagcggcttt gccttctaca gaalgcataa cattatagcc tcttagagca 20040 
aaaaggtcat ggggatgggg aaggctggga gttctctctt cattcaggga ttaaacctac 20100 
cacctggagg ggtgacatgg ctcaccttag tcaccaagca aggtcgggag agtatttctg 20160 
ggatggtcat tagcactttc ttt9caaagg gaggatacta caaactcact ttcatgatca 20220 
cagtatcccc cccgacaggt aaagtgtgca aactcgcttt cattcccttt ttgtctttga 20280 
cgcagctctg aagcatma attcttaaaa tttacatgti catgatgaca cagagacacg 20340 
ttttctgttt aggagagggc ctgattccat taaggctgat cgatcatatg ttgcacattc 20400 
tgggataaat atgagagatc agaattgagc ttcccaaatg gtgggtcaca tgacccagtg 20460 
ttgttccagg agaacgttgc aacatccagc atgagaaagc gctgcatgca ccatgtatgt 20520 
gttgggatgc tgggctgaaa tgtattaatg agcaagtgtt atcatatttg tctatggaat 20580 
tctatttaat agctatgtct cgtatgtgct gattgggtct caaatctggg tatcttaccc 20640 



caacatcttt cttgaaaatc cttcttttta aataaatgtt ggccgtgtgc actggcttat 20700 
gcctgtaatc ccaacacttt gggaggccaa ggcgggtgga tcacctgagg tcaggagttc 20760 
aagaccagcc tgaccaacat ggagaaaccc catctctact aaaaatacaa aaattagctg 20820 
ggcacgatgg tggatgcctg taatcccagc tacttgggag gctgaggcag gagaatcact 20880 

tgaacctgggaggcggaggttgcagtaagc^gatcgcgccattgcactccagccttgg 20940 
caacagagtg agactccgtc tcaaataagt aataaataaa igttatagaa atactaaagt 21000 
gtattgtgca taatataaca cccacgtacc accatccaac ttaagaaata aagcattact 21060 
aatccagttt tgctccc^ aaactcatcc ttcatcccat tctctttcct ttlgctttat 21120 
aaacatcctg cagccaggca cagtggctgc acctgcagcc tgagctactt gggaggctga 21 180 

gatgggaggatcacttgagcccaggagtttgtggctgtcgtgtgctgattgcacctgtga 21240 
aatagccact gtgttccagc atgggcaaca tagcaagact ccatctctaa atgaaatcct 21300 
tttttttttt tttcttttig agacagagto tcactctatc acccaggctg gagigcagtg 21360 
gcgccatctcggctcactgcaacctccgtclccaBggttcctgccicagcctccggagta 21420 
gctgggactacaggcacatgccaccacaactggctaatttttgtatttttagtagagacg 21480 
gggtttggccaggttggtttcgaacccaggacctcaga^gatccacctgcctcggcctcc 21540 
caaagattacaggcatgagccacca^agcctaaaagaaatcctgaatttgacattt 21600 
ttaattccct tgtttgtttt aatatttcta cagcacatat atgtctacat atataaaaaa 21660 
tataattttt tattggggtg aaattcacat slacgiaaaat taaccactgt aaacatgaac 21720 
aaocagtgg catttaggac attcatagta ctgtgcaacc accacctcta tctagctcca 21780 
gaacattttcatcaccccaaaaggacacttcatgccccccaggagtcactccccatttct 21840 
tcccactcigtcccctgcaacgaccaatctactctctgtctctgtggattcacctattct 21900 
ggatatdca tataaatgga atcatacaat atgtggcctt ttgtgactgg tctctttgac 21960 
ttagctgggt gtggtggcac gagctaccca cctacttggg aggctgaggc aggagaatcg 22020 
cttgaactec agccataaat tatattgttt tcaaggttca tcaatattac tcgcccaggc 22080 
tggagtgcag taatgtgacc ttggccccct gcaacctcca cctccccggt tcaaaggatt 22140 
ctcctgcctc accctcccga gtagttggga ttacaggcgc cccccccccc cacccggcta 22200 
attttttgta tttttagtag agagagggtt tcaccatgtt ggtcatgctg gtcctgaact 22260 
cctaatctca agtgatccac ccaccttggc ctcccaaaat gctgagatta caggtgtgag 22320 
acactatgtc aggcctagtc aattcatttt cactgctgca aagcatctca ttttaaaaaa 22380 
ttattttatt attatttttt tgagacaggg tctcactctg ttgcccaggc tggagtacag 22440 
gggtgcaate acagcttact atagccttga cctcccgggc ccaagcaafc ctcccactgt 22500 
gSPcteca^ g^c^g^a^^cg^t^^^ acacagctaa tttttg tlct 22560 



ttgttttttg ttttgttttg ttttgttttt tgagatggag ctttgctctt gttgcccagg 22620 ' 
ctggagtgca gtggcgcgat ctcagctcac cacaacctcc atctcccagg ttcaagcgat 22680 
tctcctgcctcagccicccgaataggtggg aaacaggctcacgccaccgtacccagtta 22740 



-IS 



atttttattt ttagtagaga tgaggtttca ccatattggc caggatggcc tcaaactcct 22800 
gacctcaggt gatccatccg ccttggcatc ccaaagttct gggattacag gcgtgagcca 22860 
ctgtgcctgg ctcaaagcai ctcattgtat gaatccaaca atttatttat ccattcgttg 22920 
tttgagtaca tgtaggttat ttcctgcttt ccctcttaca agcaatgctg cagaaacatt 22980 
cttgtccata gctcctccgg cacatgtaca agagcttctc tagggcacaa atgtaagagt 23040 
tttattgctg ggccatgggg aatgctcttc ttcaaatgta ct^ctattg tcaaatctga 23100 
gctatctttt caggagccta ctactggitc tcagccctgg ctatgcatta gaatcacttg 23160 
ggaactttaa aaaaatatgt gggtatctgg ataactcccc cgacccgtgg aatcctagtc 23220 
tecagggatg ggactgggga cttgaaagct ccctgggtga ttacacagcc aaggtggaga 23280 
acagctggga ctgagtcttg gcccactctg tctcagcttc ccaaggtcag ctcatagagg 23340 
gcagccatca tcttagactt gctaatatca ctcagcagct gagcagatag aagggactaa 23400 
ataaataaag tctgaatgag taaataaagc atctaaaaca aaccctttag ggc^ggtgt 23460 
ggtggctcac acctgtaate ccagcacttt gggaggccaa gg^ggtgga tccct^agg 23520 
ttgggcattc aagaccagcc tgaccaacat ggcgaaacct tgtctctact aaaa^taraa 23580 
aaattagcaa agtgtggtgg tacgcgcctg taatcccagc tactcggaag gctgaggcag 23640 
gagaatcacttgaacccggcaggcagaagttgcagtgagctgagatggagtcactgcact 23700 
ccagcccggg ctacagagca agactccatc tcaaaaaaaa cataataaaa caaacccttt 23760 
aggctgggtg cggtggcgca tgccggtaat cctggtaact atctcctact gt^gacga 23820 
ttaaaggaga tggtgcatgc agagtacttg gcacatatga ag^ctcaat aaagagtaac 23880 
tcctgcagcc tggtg^g^ gcccacacct gtaaccacaa catgttggga ggcteaacat 23940 
gttggcagga ggattgctcg aggccaaggg tttgagacca gcxtgggcaa cataaagaga 24000 
cccccgtctc tataaaaaat aataaaaact agctgagcat gg^gatacat gcsctgtagtt 24060 
ccagctactc aggaggctga ggtgggagga tcaacttgag ctcgggagtt ggaggctgca 24120 
gtgagctacg atcacgccac tgccctccag cctgggcaac agagcaaggc cctttctctg 24180 
gaataaaaaa aaaagagagg ctgggcgcag tggctcacac ctgtaatccc agctacttgg 24240 
gaggctgagg caggagaato acttgaacct gggaggtgga agttgcagtg agccaagatc , 24300 
gcaccattgc actcxagtot gggcaacaag agcaaaactc tgtttcaaaa aaaaaaaaag 24360 
agagagagag agagtagctg ccattttcaa tgttattgat aaagcaggtg ggtgtttctg 24420 
aaaatgcacc agatgcagcc ttagactgga aggtgctgat gtgttactga gcctccagac 24480 
aaagctggcg aacccaccgg ggcgagactt tatgacttga gaagctgtcc tatctatgag 24540 
ggtccatgtt agggaatatt aaagaatagg attgggggca gtagctttcc tgtagcaagt 24600 
gctagctatg tgccagatac tgggcaaagg agtctgcaga cgtctctcat ttcatcctca 24660 
caatccatga ggcaggtatg actattcttc ccattatcca gagagggaaa acaagtcaca 24720 
cggaagcaag tcacgcagca gagctaggat tggaacagaa gtgcctgcat cctccaacgc 24780 
ctgcatccca acccgctgtg ctatgcctcc cgttgatgct ttcccatgtc tgccatttag 24840 



<^ctcts gigagtgaca agctgtacca gcggaaagag cctgtcatca gttctgtgca 24900 
caccaaggtg aaggggatag cagaggtgaa agaggagatc gtggagaatg gagtgaagaa 24960 

gttggtgcacagtgtcmgacaccgcagactacaccttccctttgcaggtgagcacctc 25020 
gtagcattct cccaggctcg tcgctggtca ccgtcgccag ggcctagctc ccttccccta 25080 
ggatctacag cctoactcca gaaaaaacgc tggtcctatt ttaaaagctc ^.gaacatc 25140 
ccaactgaga a^cta^ attgcaaaac tgggtgagat ccaggagatg attctttgct 25200 
ttatcaagtc ctacagggtt tctcaaaata gcctcatgtc ctggtgcatt gaaaacagga 25260 
tttgattcac tcgcgcttga tttacccgca gctttttaga cgcacagcca ccaagccagc 25320 
aaggtctgcc gagattcaga aggacagaga actttctacc aaagagcacc agcccttcta 25380 
gattgtgtag catttcatca acaaaaatga ctccaggaga ccattottgg gtecattttt 25440 
ccacaaagaa aggatgtaaa tgacaaaaag aagaaaggca tcggtcactg agagaaggcg 25500 
tgtgacttct agatttgcaa gcagggaaaa tgaaagcaga attgccaaaa aagagaaatt 25560 
aaagtagggt tgaggagtcc aaaaaacaga taagggggcg agagggacaa aggggcacgt 25620 
"Ecggcttg gggggctaaa atgctttgca aagacccatg aagcccaagc .gctgtt^t 25680 

ttctaacagtgggtca«aaaatcc.gtgattgctcaggtgg,gggatgccctagtgccc 25740 
tttcattaaa gtctgggaaa atetgaacag tgOgtgatg aaggctgctc ccctaccctc 25800 
gcctccccag gtctcctgag «caattta atgagatttt tactgcgtaa aaaaaaaaaa 25860 
aaacaaaaac aaaaacatga aaaggctgct tttgagactg cattggteaa tgacfcttca 25920 
acccattcaa acg«cc«c actetcccte agctcagcag ggcgctegt ccagctaga 25980 
tattaagccc ttggcatatt ccaagfgcc cacagatcct gatttctaga agcttagaaa 26040 
agtggagaggttegcccagcaagc^ggattattataattaagtagttctctaic^^ 26100 
ccttgcam tcttagcctc tcctfctcca caggggaact ctttcttcgt gatgacaaac 26160 
mctcaaaa cagaaggcca agagcagcgg «gtgteccg aggtaaggag gggacctgga 26220 
gtggtgggtc aggtcttaag agttcctggg ggaggtgcaa gtcggaagaa gcagaaatgc 26280 
ggaccctggggtgiamgagcccacaaatatetactgagcacctgcctctmgtgggg 26340 
tagggctgggctgagtggaggaagggagagaacacatggcagtgtetetccatggccacc 26400 - 
agatct«gtctgcclgcctcggtote.gg«ctagcactagggacccgtgcagacggca 26460 
acccgctct ttctatctot ggctetcttc gcagcttatg acaatggtga ttcttggcat 26520 
t^cacaaca t«cacattt tacttgaggc tcacaatgac tttaggagaa aaatggcatt 26580 

ttacaaaccagaacacagattcagagatgttgtgactlcccccagggtcacacagcttgc 26640 
tgcaggcagagccagggttaggacctgagtgtcctcactcacagcttctccta^^^^^^ 26700 
tcaca gtgaa c^tctgca g ggctggtctt ggaaaaccct ggcacacagc totcttgctc 26760 

-S^ac ^i^sr^^-c^cM~cii^^c^^26820 ~ 

tgccaccaccccagacaatcmcccaacttggctttgctctc^^^^ 2^880 
ttctggaaga gcttcttocc tatcaaatca tamgtttt attctgggct aggcacggtg 26940 



gctcacacct ataatctcag cactttggga ggccaaggca ggaggatcac tggagcccag 27000 
gagttcaaga ccagcctggg caacatagtg agaccttgtc tctaaaaaca aaacaaaaca 27060 
aaaactgtat ttgtcctatt ctttacctca ccatcctgct ctctcctctt aaaccagctt 27120 
ttcttctaag tttatctata ccagcgtgtt actgctaggc attacctgta actcccaacc 27180 
tcccagcctc ccctctcagg taacgtaact gtgctgtacc agggaccatt tocaacactg 27240 
accgttgcag cagcgctggt gatacccagc cagatcctcc actgatgagc aggaccagcc 27300 
ctgccggtgg agttttgctc acgggcccac tctggcaaca aggtctagct tcctgagtgt 27360 
ccaggacctc tgggcaaaag tgctgtcttt gagtacagtc tttgccatca tttgtaccca 27420 
aattcagaac caagataaca ttcccttggt gtctatcttg ataacactcc gtctaaaagg 27480 
agagctttct acatttgttt tgtcctcatc accccttaac tgtccctgct gctcagatga 27540 
aatctctgac agccaggcca gccaagccct cccttctgtc tcccttccca gcag^ttcc 27600 
gtctccaatc cagtttgggg gcctgtttcc cttt^tccc atcctttggt catctccaca 27660 
ccacactcta cctccatgta cacataaaga cacttttgga cttattgaga cttggaagaa 27720 
aaagagttag gatagcccag agattaagag cctgggctca gaagctagac cgctaaaggt 27780 
tcaaaactta aacttcttaa ctctgtgacc tcaggcaggc gactcttcac ctctctgtgc 27840 
caagttgtgt gcatc^taa aatggggc^ agaacaaaac ctagctgttc ggattat^a 27900 
aacaaatgag tgaatacctg tgacacgctt aaaacaaggc atggtacatt ataagcactc 27960 
aatgaatgtc agttgttatg adcaaatga catgttactc ctcagatagg atgtcactca 28020 
gagtgactgg aacccaacag gttccatcga agcacttcca gcccagagag caca^ac 28080 
tcmgggat tttaacttat gctccaggct ggtttgggct ggtctaattg ggcatttgcc 28140 
tcctctctgc ccatcaacac ccctctatt:t cgggttgtct cggtaaatat gaccaagttc 28200 
cagttacaca ccaacatgaa tagatatttg ctccatttac ctgtggagc aaaacaaact 28260 
accctgatca tggtgggctt aacacaagca tmattaac tctcacagtt cagtggttga 28320 
ctgagttcag ctggt^gtt cttctgctgg tctcactagg gatctctcaa ggagctgcag 28380 
tcagatggca gc^gggttg gcatcccttg gagcctcaat tggcacccag ggatagctag 28440 
acatctcttc ctctctggga acccctaaga gttaccctct cttcaaggtc tgtccgcatc 28500 
gtctctccag cagggtagtc aaactttcta atagtggctc aggttcctca aaacaaaaca 28560 
aaaaaataga agctuxagg ccttcttaag gcttaggcct ggaactggca acagcattcc 28620 
ttctgctgct tctattggct ttgcagtcac agcacaggct cagcttcaga aagtagggga 28680 
aacactccac ctotcaatgg agaaag^ac caagaatttg tggccatctt taatcca^c 28740 
aacaatcaca aaagagaaga ttaaaacaaa actaatgtgc tgttttttaa aaaaaaaatt 28800 
agaattcctt ttggagagca aaataaaact gatttctctt ctttcctgag attcatctcc 28860 
agttgataat gaaaatgtaa ctttccatga gccacaatga atgatcacac attcattcct 28920 
tccatgacta tcaagaccta ctatttgcca ggcacttggg ctgcaaagat atgaccttgg 28980 
ctctgtattc aaagggttca taatctaatc tggggagtca caaggggagg agaccaacgg 29040 



catgccatgt gacaaggcag cctgggaaat aaagagatca tgagagagtt tgaaaactac 29100 
aagaaacattcattgagcatgtactatgtgctaaaccctttcttttcataactcactte^ 29160 
tettcacaac aaccaggcaa gacaamgt tggctgggca tgalggclca cgcctataat 29220 
cccagcactt tgggaggtcg aggcaggcag atcatgaggt caggagttca agaccagcct 29280 
ggccaagatg gggaaacacc gtctctacta aaaatacaaa aattagccag gcatggtggt 29340 

gcgtgcctgtaatcccagcta«caggaggc.gaggcag8a8aat.gcctgaactcagga 29400 
ggtggaggtt acagtgagcc aagateacac caagcacte tagcctggte gacagagcaa 29460 

e^*^'^'St^t<^aaaaaaaaaaaaaaaaaaaaaagacaaatetgt«caccctgctttt 29520 
acagatgaac agtgagc.Bg ccaagg«:to tcagctagaa aaiggtgcag ctac^ctga 29580 

accagatatacctgggtccaagacmggtcc.^acctgaatcactgtegaagccacaa 29640 
attgcacaga.gacaaagagcagaggcc«tdcacacctatgtcatgttctggcttccc 29700 
caagactggc caigaagcct gctccctaga aaacaggaag agaaatatgc ataaaccagg 29760 
gcagctcatt tclctetccc gtgoctgte cttcagccct gagacccagc .ggtetcatt 29820 

«cttgggccaggcgag,gtcc.ggccaatgt«ctcagttccatgtgtcctg«gagtc 29880 
•ccgcacctg tttgccctgc tcagtcc« cagccacagg gccact^a ccaagccacc 29940 
tgtcccccat cccagccagc atccctgaaa gtgatcccta gcdcccaga cctcgcttt 30000 
teccatmt amatttgt attgggatat aattcacata ccataaaccc caccatttta 30060 

aagtgtacatacggttcagtggtmtagtataatcacagagogtgcaaccatcaccac 30120 
.cgtctottccagaatamtettoMctitctttetttttttt^ 30180 
tttttcmcdtcttccttccttcctttctt^ 30240 
tcacccaggc Cggag^cag tgacgcaate teagctcact gcaacctcca cctcccaggt 30300 
teaagtgattctectgcctcagcccccctagtagc.gggattacaggcgcaca«xa«^^ 30360 
atctgataatttttgtattttlagtagagacggggtttcaccatgttgagcaggctggte 30420 
tcagactectgacctcaggtgatctgc^cgcctcggcctcccaaagtgctgggattacag 30480 
gcgtgataagccacggcgcccagcccccagaacatmcatcacctacaaaggaaaca^ 30540 
aaatccagte gcagtcacte cccattotcc ccttcccctg tccctggcca cagtctactt 30600 
tctgtctcta tagatgccia Octggacat ttcctataaa tagaattgta tatggtgtgg 30660 
ccttt^t ctgtcttctt tcactcagca tcatgttctc caggtccatc catgttgtag 30720 
cctgtgtcat tgcttcatcc ttettatggc taaataagat tcgtgtatg aatgtaccac 30780 
attttamg tccattcatc cgtcagtggc cacttgcatg gtttccactt mtggcgat 30840 
tctgagtagt gctgctataa gcattcgtgt gcacattctg gtggatatcg aaccacttct 30900 
ccacatctegmcacacgjcac ttacto cccactctgt c atccttcta tclgcagiat 30960 



cccacccgca ggacgctctg ttcctctgac cgaggttgta aaaagggatg gatggair3l020 
cagagcaaaggtaccttctgtttcttttcccgagaccctagggg^gatggtetggcatc 31080 
ttggtgacat ttgtgatgcc caggtcaggt cttcagcctc tgctcteagc tgccctctte 31140 



caccatcacc aagccatagg cgagtctgcc catgcttcgg ctctgtcccc agcagaccag 31200 
ctgctgactg taaacatgac tccagttttc cagtgagaga agaagctcct aaaaacctag 31260 
caggttcagg attctaatcg gtagaaaatt cacatggcct atagcatcat ctgagtattc 31320 
taaactttcc ccctgaattt cctcaaaggt tgaggaccat gaacttttac ccccagggaa 31380 
cctggcagca atacccatat taacctgcag aatttttttt gttttttatt ttattttatt 31440 
ttttaaacat tttttgcact gttttatttt gattttgatt ttgattttat ttatatctaa 31500 
gtgcagtgct attgcgatac ccgcagaatc tctctatctc acattttaac ttaaaaaggc 31560 
acagggcagc gagcgcagag gctggtgcct gtaatcccag cactctggga gggtgaggca 31620 
gatggatgct tgaggtcagg ggttcgagaa cagcctggaa aacatggtga aaccccgtct 31680 
ctactaaaaa tacaaaaatc agccagacat ggtggcacac gcttataatc ccagctactt 31740 
gggaggc^a gacgtgagaa tcact^aac ctggaaggca gaggttgcag tgagccaaga 31800 
tcatgccact gcactccagc atggg^aca gagcgagacc cctttaaaaa aaaaaaaaaa 31860 
aggcacaggg caattttaaa aatactgcaa atagtaaaaa aaaaaaaatc agtggttata 31920 
atgcaaacac acacaaaaag gcatatgccc attaccgcat tctactccat actgtatg^ 31980 
tatttgagtt agtataaaag ttattttaac attgctcact atttaattaa ttcttxcttg 32040 
gaaac^att aatcatcctg gcactccagg aagatgtgcc atgctgattt catggctttg 32100 
cacatcctgg gcaggc^g taccccttga gggacttgtg cxxctttgag aggccatgtt 32160 
ctagtccatt tatactaagt gagagcatac acctgttccg ctcccctcat gggcaccttt 32220 
tcttataaag aaacaaaaga gccagcagaa tccacagtct ttctgtgttc tctctgatct 32280 
ttattatgtt ttgcttgttt gccctgcctt gtgttcgttg tggttaggat gggcttgatg 32340 
gaagctgaag ctgcgtgggt tggaaagcct ggtcaaagcc tagtctctcg cccgggttga 32400 
gttaatgatg tccctcctgg agaacgtcct ctccgcagtt ctttcacatc tgtggttcta 32460 
cgatgctctg acccctatag gaattcagac cggaaggtgt gtagtgcatg aagggaacca 32520 
gaagacctgt gaagtctetg cxtggtgccc catcgaggca gtggaagagg ccccccggtg 32580 
agtcgcatgg ggagacagac acagtggccc tcagcggcga ccagatgagg ccttgccgag 32640 
gctgcttggg ccttcccctc tcagcacagc cctgcaaagt cctgggtcct accggcttgg 32700 
ggacccctgc gctctggatg cactgcttgg cacaaactag tatctctggg agggccatgg 32760 
tggttggtaa actgttgtaa caatcctgta ccaactggta aatagctact accctgagca 32820 
tccttgggtg tccctggccc cttccttccc ccagatcttc cagggtaccc ccagaccccc 32880 
tcctgtagtg ccacagcagg atcccttctg acttgtcagt gtccatactg agtgatcaag 32940 
gatagaaagg aaggagggag atggaaggga aggacgaagc gaggaaagag aaggggaagg 33000 
ggaggaaaaa gcaaaagggg tgagggtaaa agggggggga aaggaagm tctcagatta 33060 
aatgcttaca atgacataca gatttggtgg tcccttgtat tgatgcttcg cttcaataca 33120 
caaagtcaca atgttaaatc tcagaagcca caagggctga tgtatttcag cagagaatag 33180 
ttagaaagac ctggattcaa ttcctaactc taacaccatt ttgctgtgtg tccttgggaa 33240 



aatggcttaacctctctgagtttcagtgtcctcacctgtaaaagcagaataataataca 33300 
ccaacttcatagggctgttgtaaggattaaatgagatgatacttgtacagttaogtaag 33360 
gtaagcccca tgcatgcctg gcttacacac acacacacac acacacacac acacgcacac 33420 
acgcacacac acacacacac acacaatcta cccctegaag ^ggtggtt ctagaccagc 33480 
actgtccaattgaacttgatgcagtgatggaaamctgtatctgtgctgtecaataggg 33540 
cagctactaggtacatgtggclattgagtacatgaaatgcgactactgaatttt.^ 33600 
agatgataga .gaugatag aaagatagat agatagatoa atagataata gatagataga 33660 
caggtagata gaugataga tagatagata gatagataga tagatagata gatagagttt 33720 
igctatettgcccaggctggttttgaactcctgggctcaagcgatcctcctgccttggcc 33780 
teccaaagtgc^ggttecaggtttgagccattgctcccagcctgaatttttaattaaa 33840 
maaatttaaatagccacacaigtctagtggctaccatattggacagcgcagttctaga 33900 
ccgatgtgatlcaggatcattccctcagcatcgtggggcaaagagaaaactgccccaagc 33960 
tggccgtagaaggctcaggcgaaggtttcccaatgccgggatggggggtgcgctcagca 34020 
gcatcaccccttatga.tctcaatcgctaateg«ccactcaggttcatttctcggtcag 34080 
gggcatttctttgggaatcacccagctogggagatacagcagcctccactcaggtagtc 34140 
cttgttcaagacaagcggcccttgactgactgcagtttcagttccagctctgctatcaac 34200 
tcactcattaaaaaactgcalctccagtg^QSCctctgggctggattttgacgtga 34260 
cctgggcaagcaactcccigaacacagtttctcatatattatatgaattagctaagatg 34320 
gttcgtttaa tcattcadc aacacatcca .caccacgta gtaggtgtta gatatttatt 34380 

tcatacgtaactacgcataagagactttgctaagttttaggtaaaatacaagtcccagat 34440 
acggagcaag tctcaaccac tgiacatacc tgaatgtgta attacatcac tgtaagaggt 34500 
gccacagtaa atgccactgg gtcttgtgtt agtccattct cacacaaaga actacctagc 34560 
caggtgcggt ggctcacgcc tguatccca acactttggc aggctgaggc aggcggatca 34620 
cttgaggtca ggagtttgat accagcctgg caaacatggt gaaaccccat ctctattaaa 34680 
aaatgcataa attagccagg tgtggtggca cacgcctgta atcccggcta ctcgggaggc 34740 
tgaggcagga gagtcgcttg aacccgggag gtggaggttg cagtgacccg agatcgcgcc 34800 
actgcactcc agcctgggtg acagagtgag actccatctc agaaaaaaat aaaaataaaa 34860 
ataaagaact acctgagacc aaatacttta cgaaaaaaaa gaggtttaat tgactcacag 34920 
ctccacaggc ttaacaggaa gcctcaggag acttacaatc atggcagaag gcgaagggga 34980 
agcaaacaca tcttaccatg atggagcagg aggcgagttt cgggggatgt gccgcacact 35040 
tttaaatgat cagatctcgt gagaactcac tcactatcac gagaacagca aggaggaagt 35100 
ccgcccccatgatt^tca cc^^ ggga«acaa. 35 1 60 



ttcaagatga gatttgggtg gggacacaga gccaaaccat atcagatcte aagaagggag' 35^0 
aaattcttcttggaggagctggaggggctttgtggagagttteagaatgctttgcccact 35280 
aggtttgctg tatecatttc tcttcatgta tcccaaagac caagccaaga aaccagaagc 35 



11 



ctctggtccc actggcccat gggctccctc ggtccccacc gtcactaatg gccattttgc 35400 
atgtctctct cccaggcctg ctctcttgaa cagtgccgaa aacttcactg tgctcatcaa 35460 
gaacaatatc gacttccccg gccacaacta caccacgtaa gtgcccaggc tgcctggctg 35520 
tcttagttat ctactgctga gtaataaatt atcccaaacc tcagaagcct gaaacaacaa 35580 
acgcctattg tctcccacgg tttctgtggg tcaggaatct gggaatgact ttgctgcgtg 35640 
gttctggctc aaggtctgtc aggttgtagc caagctgtca accagggctg cagtcatttc 35700 
taggcttgac tggggctgga gaacactttt ccaagctctc acacagttgc tcgtgggaga 35760 
gctcagttcc tcaccacgtg aacctcgccc tagaccactt gagtatcctt ggtatalggt 35820 
ggctggcttc tcccagagca ag^acccaa gagagacaga gcaagcaacc aagagtataa 35880 
ccaagatgga agccacagtc tttgggggga gaccccaaca cttctgccat atgccattgg 35940 
tcacacagat caaccctggt ccagtgtgag aggccactgq ccaggggtcc caggaggcag 36000 
tgatcatttg gggctttcat ggaacctctc caccacac^ gctcactcct gggaaagaga 36060 
cagatctgtt ttcaatcgag atgtttgttt gttcgctttt aattatgcac aggagaaaca 36120 
tcctgccagg tttaaacatc acttgtacct tccacaagac tcagaatcca cag^tccca 36180 
ttttccgact aggagacatc ttccgagaaa caggcgataa mttcagat gtggcaattc 36240 
aggttgg^g tgctttgtac actggga^ ggggctgtgt gtctagggat ggaggatgtc 36300 
aaacagccaa gaggccgggc cactgggtot ccataatgtg gctcacattt actgagcatt 36360 
tagtaaatcc acccgctgcg ctaaggtctt tacctacgct acctcgtcaa ateccaaaac 36420 
aatccttatg agtgagagct acttggtgta ttccmcct gtggctgctg tagcaagtta 36480 
tcaaagctta gtggcttcaa ^caacacata tttgcttatg ttgccagaga tcagaagttg 36540 
gaga^attt tccctgagcc agggcggtgc tcoctccggg actttaaggg agaatccagt 36600 
tcctcagctt ttccaccttc tggagctgca ttccttgcat ttcttcaaag ccagcagcat 36660 
aacatcttgc ctcagtggcc actttcactc cctatcc^t gtccaatctc cctttgcctc 36720 
tgtcttacaa agagagagag catttacaag agggggcatc taaggaccaa c^gataatc 36780 
caggataatc tcccatctca agatccttca tttaggctgg gcacggtggc tcatgcctgt 36840 
aatcccagca ctttgggagg ctgaggtggg tggatcacct gaggtcagga gttcaacacc 36900 
agcc^gcca acatggtgaa agcccatctt tactaaaaat acaaaaaaaa aaaaaaatag 36960 
ccgggca^a ttgcaggcte ctgtaatccc agctactcgg gaggctgaga caggagaatc 37020 
gcttgaacct gggaggcaga ggttgcagtg agccgagatc gcaccactgc actccagcct 37080 
aggtgacaag agcgaaactc catctcaaaa aaaaaaaaaa aatccttcat gtattcgcat 37140 
ctgcaaagag ctttccctag gggagtacta ggaggtaaag cagaaaagat atttgataga 37200 
gtgccctgaa ttccagtcta ataagtttgg acttgatctt taatgggggc gtggggggca 37260 
ttaaaggtgt ttgggtacag gagtggtctg ttgaaagttg tattttagga caatgagttt 37320 
aacagtgatg tgtcccagac gggggtaggg agagtgagga gatgcgattg tggctgccac 37380 
aataacactt g^cgagtta ggtggggctg tacatatggt tcttcaatca gcatttttcc 37440 



tctaaaaaccttaagcaatcctggctatgcagggagacgtctegcggogcgtaactcac 37500 
^gcagccatagagactgtcccttgttgatccttcagggcggaataatgggcattga 37560 
gatctactgg gactgcaacc tagaccgttg gttccatcac tgccgtccca aatacagttt 37620 
ccgtcgcctt gacgacaaga ccaccaacgt gtccttgtac cctggctaca acttcaggta 37680 
actccaaggcccaggtcaaactcacxcagtggctgaatcgcattcccaggaactgg^^^ 37740 
actaatmg gtttccaagg caacaaga^ aatgaaaaaa gactttctet aagaactagg 37800 

tgataactgaatmttocataattttttaaaattcteaaaagagatgcaca«cttte^ ' 
ttmtactt attttttm twgaaatg gagtctcact ctgtcaccca ggctgaagtg 37920 
cagtggcgcc atctcagtdi ctgcaaactt ccgpctccca ggttcaagcg actotccgc 37980 
ctcagcctcccaagtagctgagattacaggcggatgcacactgtttataaaacaa^ 38040 
ttgggaaaca gaaaagcata gagggggatc aaaatoaccc ataatteccc taccctgaaa 38100 

taatcaataacaaccxtcgggggaattticcteatc^ccaattatttcatacagctc 38160 
ctatgagataatagcatata tatauutcttg«8gtattctgcagggtttttcatac^ 38220 
cagccaclca aaattctt^ taaccatcac attaatgatc ataacattcc amtgtagg 38280 
tgaacaaata acaactgCa caaocagga agtgttttct tttcWtct tttcmtct 38340 
wmtw tagatggagt cacactctgc ttgcccaggc tggagtgcag tggcatgatc 38400 
tcagctcact gcaacctc^ cclcctaggt ccaagcgatc ctcccaccte ccaagtttct 38460 
gggaccacag gcatgtgcca ccacacccag ctaatttttg .atattcagt agagatgggg 38520 
tttcactgtgaggcxagictggtctcgaactcttgacctcaagtgatcttcccaccttg 38580 
gcttcccaaa gtgctaggat tacaggcatg agccactgtg cctggcccaa ggagggtttt 38640 

ccatataccaagcactccccatcgccatccctaaatctcccaacaaccctggaaggaaga 38700 
tat^tttct ggaagatgat ttgcccaaga cccacagctg atagtacatg ttgcataatt 38760 

ctaaaxacgtcactetgaccccacactcacactccatcccttccttcccatcte^^^^^ 38820 
tttotcacctacgcctccatgattgaatatttgagttgcttccagtttttctattacaag 38880 
taaccacagtgtgcatctttgcacataaacttctctttgaattccaggttacttccttag 38940 
gataaatttetagacttattgaatcaaaggttgtgaacattttatcatatgctttttatt 39000 
tttaaaaata tctatagtta taatgtttca tttttttttc tgagacagag tctcactctg 39060 
tcacccaggt tggagtggac cgggtgcaat tatagctcac tgcaacctct gcctcccagg 39120 
cccaagtgatcctcccacctcagcctcctgagtagctaggamcaggtgcacp^ 39180 
tgcccagcta atttttaaaa tttttttgta gagicggggt ctcactatat tgcccaggct 39240 
ggtctcaaac tcctggctca agcaatccgc ctgccttggc ctcctaaagc gttgggattg 39300 
«tggtgtaag_CM«gc^ 



ttttcaaagtcatctattattgttccagtgagtcccattc ttaccttaag gatcctactc 39420 
cttctgtcca ttctactgta tcattccttt cataccgacc tattatctga agtaacttgg 39480 
gigggagttc tcctcgtggg ctttgaaata ctgtcttcag tagaaaagat cttatgcaaa 39540 



gttctgcatg tgctgtgtgt tatggagtat tccttatata ttactcaaag cagctccata 39600 
aactggcagg cagcccctta aatgtgttcc tgtttctgtt tttttgtttc t^gtctgca 39660 
tgatgtma aaacttgaga caggccaggt gcggtggctt atgcc^taa tcccagcact 39720 
ttgggaggcc aaggtgggag gatcact^a acccgggggt ttgaggctag cctgggcaac 39780 
atagggagac cccatctcta caaataataa tttttaaaac atcagccagg tgtgggggca 39840 
tgcacctctg gtcccagcta ctcaggaggc tgaggcagga ggattgcttg aacctgggag 39900 
gtggaggctg cagtgaaccg tggttgtgcc actgcactcc agcctgggtg acagagtgag 39960 
acccttacat ggtggccact ggctggagct gagtatcagt ggtcctattt agaaaggggc 40020 
tgggctttct ggttcatcac tgtccccgcc actccttagt gcttatacct ggcccacatc 40080 
actcatttct gtcatctgcc tggcccctgt gtagacattt gagtttgaaa cccttgactc 40140 
aaaggcaggc tgatgctttt tgcttcctct ggatcaatgg aatttcatcc aaggcaatgg 40200 
aaccagctcc taattgtgat aactttttga tcatcccctg ccactgtgct gaataggctt 40260 
atggccatta agaagagagg acaggatgaa tggtcccctg actgactgcc cttccagggt 40320 
gtttttttag ctgtcagcag aagcatgcgg ggcagtgtac caatcaggtg tcagcaagtg 40380 
tccttccagc gactgagttg agcacaaaaa catctgctcc tggagagacc tgagccctct 40440 
gaaggcctca gccagttatg atgttaatgt tcttttagaa caaagtggta gagcatttgt 40500 
tgtctggaat gagcaccaga agaaatctct ggccaaaaat aaattgttga gggccgggag 40560 
cagtggctta tacctgtaat cccaacactt tgggaggccg aagcaggagg atcacctgag 40620 
gtcaggagtt cgagaccagc ctggccaaca tggtgaaacc ctgtctctcc taaaaataca 40680 
aaaattagct ggacgtggtg acaggtgcct gtaatacagc tactgggagg ctgaggcagg 40740 
gagaactgct tgaacccgga aggtggaggt ^cagtgagc cggggtcatg ccacttcact 40800 
ccagcc^gg caacagagca aagctc^tc tttaaaaaca acttaaataa ataaataaat 40860 
tgttgaggtc tgatgagtaa gtggacaagt tamtccag cagacacaca aaagagaagg 40920 
aaattacagg ttatacgagg tatttcagaa aatataactt tctaaaacat aggaagttga 40980 
agaagttgat cacattacag aattctgttg tttagaaaat gacctgtggc gaaatgtcct 41040 
tattcagtga ataggtgatt ccgctmtgc acgacclgtg tgaagtggat caggccaccc 41100 
agaatgcacg acgcgcttct caggcccagc aggagtatgt gtctgtgtta atttcctgtg 41 160 
gctattatga ctaattgcca caaatgtggc ggcttaaaac aacagaaatt aatcttctta 41220 
tagttctgga agccagaagt ttggaatcaa gatgtcagca gggccacact cgctctgatg 41280 
ccctacggga gggtcctctc tCgcctcttc cagcgtctgg tggctccagg cattccataa 41340 
ctttatagca gcgtcccaca aatctctgcc tccatcctca catggccttc tccactgtgt 41400 
ctctatgtct tcaatctctt tttttttttt ttttmttt gaggcagggt ttcactccag 41460 
tctcctagac ^aag^caa tggcgCaatt tcgggtt:act gcaacctetg cctcccgggc 41520 
tcaagcgatt tgatctctcc tttatcttat aaagatacta gtcattggat ctggggotta 41580 
ccctaaatcc aggataatct catcttgaga tgtttaactt aattatatct gcaaacactg 41640 



tatttccaaa taaggtcata tcacagccac tagggattag atacttgaac ataictmt 41700 
tgggggc.«aacccattccagtgtacgaaaaacactcttgttcaaggccc8atgtto^ 41760 

agggcatagcccactgactacctgcatcagaataatcacttggtacctgtac^ 41820 

cagactccta gaaacatcte agagcttcte caaccactet »oa»»», 

5 sv,iu,ig caaccacta t^gtgagg ggctcaggag 41880 

tctgcctctg aacacactca ccccaagtga ttctttcm ctttcttttt tttttttttt 41940 
tttgagatggagtc«gctc cgtcxcccaggctggagtgcag^gcg,gatc.c^^ 42000 
ctgcaagc.ccgcctcccgggttcacacgatte«:«gcctcagccteccgagtagct8g 42060 
gactacaggt gcccgccacc acacccggct aamtt^ atttttagto cagacggggt 42120 

ttcaccatgt.agccaggatggtetegatctcctgaccto8.gatetecc.gc«cggcc 42180 
tcccaaagtg c^ggattac aggca^gagc caccgcgccc agccatcacc ccaagtgatt 42240 

cttgccttcagtttaagagccactgtaacaagactatggaagcagaaattcacgtgctta 42300 
ctacacaatgttaaccttcccaggcaaaccaac^dacata 4^360 
gggcaggcag .ggcaatgca tgcttgcttg cgaattaaaa aacaaatcac tgcctgggca 42420 

c^8gctea.gccta,aatccxaackatt.gggag8ccgagg^ggtgcatcacttgag 42480 
cicaggagtt caagccagcc tgggcaacac agtgagacca tcatetctat aaaaaaam 42540 
taaaaauag tcgggtgtea tggtttgcac ctgtagtccc agctfeccggg aggc^aagt 42600 

gggaggatgacttgagcccgggaggcggaggccacagtgagctgtgucaagccactgca 42660 
ctccagcctgga^acagagccaga^xtgteto^aaaaaacaaaaacaaacaa^^^ 42720 
acaaagataaateactcaatacateagcaagagaaaaagctctettgaaatagtcacatg 42780 
caaagaaatt gaattccctc cagtcagaaa gagccactaa agtgcctgag aatatctgat 42840 

cgattteaatgtcaggmtgagaggtwttaaaaacagmcagatgtttcttactat 42900 
tttttggcag aacatctgcc alctgcttte tt«ctcc« acatcttgta actagacggt 42960 

gaattaataactcagaaaaaataaacalgtatatgtaactttatctaaaaagaatcatca 43020 
aagtgtggtg agaagaaggg gcagawaa aagmtatg aagcgttcat tttaagcctc 43080 
cttaattatt cttgaaaaac aaaacacacc actt«cctg actgcagcac tggtgagggt 43140 

tgcatateacgggtgaagtgatgamgtgcctggcgcttaatmtaaagttagtact 43200 
gagtga.gac agagagaggt caatgccact caaagaatat tttgmgtt tgtttgtttg 43260 
tttgtogtt tgagaggcag tcttactctc teactcaggc cggagtgcag tggtgtgata 43320 
tcggctcact gcaacctctg ccu^tgggt tcaagtgatt ctcctgcctc agcttcctga 43380 
gtagctggga ttacaggcgt ctgccaccac atccagctaa tttttgtatt tttagtagag 43440 
atggggtttc atcatgttgg ccaggctggt ctcaaactcc tgacctgagg tgatclgcct 43500 
accttgg^t^g^getgggattacajgc^^ ^3^^ 



atttattaca tacmtccc aagagatggg gccacaccac acca^g gccaca«ir«6M " 
gccatgccat gctagacagg gccacaggag gaagtaccag atccgctoaa gaggcagaat 43680 
aaagggtaaagaatggtccagagcwattgtgttactcagtggaagggcaaggcaggac 43740 
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tagggaaaca gcttagggtt aactactttg aataatgcca gtaggttctg agttacagga 43800 
atggtctcta aatgtctggc cctcacccta cctgtcccta aggagaaata ctggagagtt 43860 
agaaaaggag gtggttgagg gattggttgg agggtttgta atatgatttt cacaccctca 43920 
caaaagctgg attgcagagg agatgtaaac aacttcagcc ttgggaggcc aagatgaaag 43980 
gatggcttga agccaggagt tcaaggctgc aacaagctat gattacacca ctgcactcca 44040 
gcctggttga aggaatgaga tcctgattct acaaaacatt tttgaaaaaa acttttttat 44100 
tttttctttt cctttctttt tttttmtt mttgagac agtcttgctc tgtcacccag 44160 
gctagagcgc agtgatacga tctcggctca ctgcgacctc catctcctgg gttcaagtga 44220 
ttctcgtgcc tcagcgtcct gagtagctgg gattacaggt gcctgccacc atgcacggct 44280 
aatttttgta tttttagtag agatggggtt tcaccatgtt gtccgggc^g gtct^aact 44340 
cctgacctca agtgatccac ccgcctcggc cteccaaagt gctgggatta caggtgtgag 44400 
ccacgg^cc cgaccaaaaa atttaaaaat aaaaattagc cacctgtagt ggtgcacga 44460 
tgtagtccca cccagctacc tgggaggcQ agg^ggagt atcacttggg cccaggaggt 44520 
ggaggctgca gtgagctctg atcatgccag tgctctecaa cctgggtgac agaacaagac 44580 
cccacctcaa aacaaaacaa aacaaaaaac acaacttcag cctttagttt ggccctgtga 44640 
ttaatgattg ccaaataggc atacacagaa tctaagaaaa tacagtttgc tgaggigtgc 44700 
c^tccag tccagtaatt agtatgcaag atttaccacc gcccactccc actttgttct 44760 
agatgccaaa cctcttcttc ccccttaagg aatagtcata ttgcttgaag tttctttm 44820 
ttaatdctc tgcttgttgt taatcctgtg ttggtttaaa atgtgcattt taatcttaag 44880 
cgacaagctg attttccgtc actctgagat gatgcaggta caggtggtga catggggagg 44940 
ggggac^ctctctggttcc aggtggt^g agagagaccc agggctttgg angtgttcc 45000 
ttcccctgcc acctgtcaca gagccagggg acagaccagg aggactagac aggccactgt 45060 
mggctm ccttccataa aataccagca tttmgcca gatgcagtgg ctcatgcctg 45120 
taaccccaaa actttgggag cctgaggcag gcaaatcact tgagctcagg agttcgagac 45180 
cagcctgggc aacatggcaa aagcccgtct ctacaaaaaa tacaaaaaat tagccgagca 45240 
cggtggtgca tgcctgtagt cccagctacc tgggagactg aggtgggaga atcatctgag 45300 
cctagcaagt caaggctgca gtgag^ta atcctgctac tgcactccag cctgggtgac 45360 
agcgtgagac cctgtctcda aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa ccccaaaacc 45420 
cagcactttc aaagggatct tacaaataca gatecttttc ttcctacaga tacgccaagt 45480 
actacaagga aaacaatgtt gagaaacgga ctctgataaa agtcttcggg atccgttttg 45540 
acatcctggt ttttggcacc gtaagtctcg tttcccagct ccgggcaccg gcatcctatg 45600 
actgtgtcct aattactgct gtggggcctc catggaggga agggttttgg tctcagcctt 45660 
cagctagcac tgggcatttc gcacatggga taaaagagga agaagatgtt ctcgggctgc 45720 
tgtccctgaa tgagtcatct gacgagtaca ggagtgggcc tggaaagcaa ttctaacatt 45780 
cggcntaaa aatactctga cacttaacaa gagagagaaa gaaatctctc tgtaaaatag 45840 



ttigtaagta acagaatcca attcaaa«g gcttaagggg aaaaaaaaaa gttttgagtg 45900 

ggctttttcgggttcacgtaactgaaaaaatccaggggttatttttaagctacaagcatg 45960 
goigatcca ggtgctcaaa caacaacatc atcatcaaga acttgccacc ttccgtgtct 46020 

tatatacgtcctoc«8gtctt8gcagccat«ctctat8aaggta«^ggcagca^^ 46080 
cgatctgacc agmagcaa ccteagigaa aagaaaacac ctctttgcca gaaggttcag 46140 
caaaggtctc agacaaatgt cattggctct gattggccca ctatggatga catgcccact 46200 
gctgaacma teactgtgac cagggtcatg ccatactccc agtggttagt gtcgaaccag 46260 
ccctaaccta gcccaggggc cagcagagag gccaacaccc cagccccttc aacacacaca 46320 
cacacacaca cacacacaca cacacacaca cactacatgg actgaaaaga aaattggagt 46380 
gttgccttct gaagatggaa ggaaaagatg ccagctatgc aaaaatcaac atateccacg 46440 
acatectgtc caagagcatg ttatctatgt aacacagtga taagcaggac tagaagcaat 46500 
aagatatagc tgagagaatg caaagaccgc tgggaataaa aaccacaagg ctgggccggg 46560 

cacggtggctcatgcctgtaatcccagctctttgggaggctgaggcaggtggateacaag 46620 
gtcaggagct caagaccagc ctggccaaca tggtgaaacc ctg^lctec taaaaatgca 46680 
aaaaattagc tgggcgtggc ggtgggtact tgtaatccca gctacttggg aggclgaggc 46740 

aggagtatctcttgaacccaggaggcggagcttgcagtgagccgagat,8cgccact8ca 46800 
ctccagcctg ggcaaaagtg cgagactctg tctcaaaaaa aaaaaaaaaa aaaaacccac 46860 

gaggccacccagacattccttccctctgctte,gaagtaatgtcaaaccttt.ggaggag 46920 
aagcttgtct gaaaccctca ccttgtatgg agaaatgata gcccttcagt gggtctcccc 46980 
ttaaigtgtg ggccccagtg cttgctcatg taaaaccttt atgggiccaa gcacaccctg 47040 
cacggctgaagcaggatgcctgagagu^agtttcagtctgcglagtctctgcctcagcca 47100 
gcacttgaacgcatetalccaagtt^cagca^gg^tcxgctccctgatagaaccaaca 47160 
attgcacgtt gaagcaaaag agcgttgctc tgaattteac ctgagtaaac tctcccactc 47220 
tgttmagg gaggaaaatt tgacadatc cagc^t^ tgtacatcgg ctcaacccfc 47280 
tcctacttcg gtctggtaag agattclctt accalgctt taggaaaatg gmggagaa 47340 
ggaagtgact aacgcagcgc ttgtctgcat tctccccagg ccgctgtgtt catcgacttc 47400 
ctoatcgaca cdactccag taactgctgt cgctcccata tdatccctg gtgcaag,gc 47460 

tgtcagccctgtgtggtcaacgaatactactacaggaagaagtgcgagtecattgtggag 47520 
ccaaagccgg tgaggccgct gtgacacag gacaccaaga catggagaga ttccatgaaa 47580 

tcactcagaaatgcacgaaaataggcccaaatcacaggcttcatcctgtagtggau^^ 47640 
tegctgggtt ctaccccgai caaccaacte toagaaaai twtggtct tagagaagaa 47700 

tggaaacaaaaatggaggggcaagatagagggaaggcaaatmtatgtctaggacttgc 47760 

raaSffBEc^47820 ■ 



agatggagto ttgctctatc acccaggctg gagtgcagag gcatgatctc ggctcactgc 47880 
agcctclgccteixaggttt aagtgattctcxtgcctcaacctcccaagtagctgggact 47940 



acaggggcac accaccacac ctggctaatt tttgtatm tagtagagat ggtgtttagc 48000 
tatgttggcc aggctggtct caaactcctg acttcaaatg atccacccac tcggcctccc 48060 
acagtgctgg gattataagt g^agccact gagcccagcc tgttttgtca tttattaaat 48120 
tggtatagcc aaaaaagaaa aaagaaaaga aaaataacaa ctttggagaa caatttggca 48180 
gtgactaatg tttaaatggg acatacttta cagcctggca ttttcagttc tccatacctg 48240 
ccctagagaa acactcacat gagtacccgc agtacatgag tacaagatgt tcaaagcagg 48300 
attgtttatt aaattatcaa taatatatga ttattaacag tgaagaaata gcatctaacc 48360 
aaatatccaa caggtgaatg gtgaaactat ggtaaatcca tagaaaggaa taccaggcac 48420 
cagcttaaaa aaatgagata gataataata atggcaaaca tttacacagc acttctaaat 48480 
gctttatcta ttaactcaat cttcacaaca acctgatgta gacagatgct actattatct 48S40 
ctttctatat atgaggaaat tgagccacag aaaggttaaa taattggccc aaggctgggc 48600 
acagtggctc acgcctataa tcccaacact ttgggaggcc gaggcaggca gateacttga 48660 
ggtcaagagt tcgagaccag cctggccaac atggtgaaac cccatctcta ctaaaaatac 48720 
aaaaattagc caggcgtggt ggtgcatgcc ^aagtccca gctacttggg aggctgaggc 48780 
aggagaattg cttgaacctg gtaggcagag gttgcagtga gc^agatca tgccattgca 48840 
ctccagcctg ag^acagag ggaaactctg tctcaaaaaa aaaaaaaaaa aaaaaattat 48900 
aggacttgac aagagcagat ctccaagaca ttt^ttaaa agaaaaaaag caaactgtag 48960 
aacaatatat gttatatgat atataggtta aaaaaaaatc actagacaca gaagctaatc 49020 
tgtatatttt ctgcatgtat attctatata tacacaagtg tacacacaca cacacataca 49080 
tatacatatg ^tgggtgta tatatgtaca caaaattgta ccag^ctg cttctggaaa 49140 
ggagcttagg gtgggggagt aggagtagtc aaagagattt tagcgtcatc tgtattgttt 49200 
tgatt^att aataagact ttatcaagca ggtcctctgc gttcaactcc atgattttcc 49260 
ccaaagataa atctctggta cctaaaaaca aagacgattg gctagacgtg gcggctcacg 49320 
cc^tagtcc cagtactttg ggaggccaag gagggtggat cacctgaggt caggagttca 49380 
aaaccagcct ggccaacatg gagaaacccc gtctctacta aaaatacaaa aaattagcca 49440 
ggcatggtgg cgcatgcctg taatcccagc ttctctagag gctgaggcag gagaatcgct 49500 
tgaacccagg aggtggaggt tgtggtgagc caggattgca ccattgcact ccagcctggg 49560 
caacaagagc gaaactccgt ctcaaaaaaa aaaaaaaaac aaagacgatt tctttgtctt 49620 
tccctcatcc aagaacatga ttgtcctgtt ccagcagctg atgcacaatt cactgtccat 49680 
tgtatatgca ttcacaattt gaaataaaag ttcatctdg cagctaaaac taatcaccac 49740 
ttcatggccc aagatgagat gaaattcaac aaacatgtaa ataatttaag ttgcaatagt 49800 
acaaatttct ggagatactg aatctagagt tactgaaatt gacagaatac aacaaagaaa 49860 
ttttatgcag caactggggg gtccaa^ta aaaacattaa gcagtaagct gtggctgtgt 49920 
^aatttaca agttaagatg catggggttc cgcctggcgt ggtggctcac tcctgtaatc 49980 
ccagcacttt ggtaggccaa ggcgggcgga tcaactgagg tcaggagttc aagaccagcc 50040 



tgaccaacatggagaaaccccgtctctactaaaaau.caaaattagccg8gca.gatggt 50100 
gcatgcctgtaatcccagctactcaggaggctgaggcaggagaatcamgaacc^ 50160 
ggcggaggtt gcagtgagcc aagatcatgc cattgcactc cagcctggca acaagagtga 50220 
actccaactc aaaaaaaaaa aaaaaaaaaa agcatggggt tecatttcg amatcttt 50280 

agactcagaaatcattaattcttggttaatgagagttOgagccagcttgtlcaatagto 50340 
tatcatttgg caaataggaa ttacagttgc ctttagatag gcaattc«g ataattctgt ' 50400 ' 
acaaaaatgg gtaaactttc aaaccatctt ttcctagaca ttaaagtalg .gtccWgt 50460 

ggatgaatcccacattaggatggtgaaccagcagctacbgggagaagtetgcaagatgt 50520 
caagggccaa gaagtcccag laagttaaat cattttgtct tttmtm tttaagaaaa 50580 
tttactgtta aata^aaaca catctagaaa cttgtacaaa tcaaaactga .ggattttaa 50640 

caaagtaaaca.acteau.taaccggcactcagattaaacaat,gaaaattactegcagg 50700 
agtcccmtatgcccccctccaatcactaccctetcmctcct^ 507^0 
aotggctgg gcacggtggc ccacacctgc aa«xcagca ctdgggagg ccaaggiggg 50820 

t88ateacttgaggteaggagttt:gagaccaacx.agccaaca.ggtgaaacctcgtetc 50880 
tactaaaaatacaaaaattagccgggiggtgtggtggcacacatgtaatcccagcta^ 50940 

agaagactgaggcaggagaacgcttgaacccaggaggcggaggttgcagtgagccgaga 51000 
ttgtgccattgcactccagcctgggtgacagagcaagactccatotcaaaaaaaaaaaag 51060 
aaaaaaatgtadmcttaaactacaaacgaggtctcactatgttguxaggct^ 51120 
aagcagtcctcccacctt«gctgteccaagcccaa:aactgccctctcttam^ 51180 
attatccagtttcxaaagattaattaactttggctagaattttcmaaac^^^^ 51240 
gtagtatgta agcggtatat acgcggttga gtgtctggct tcctttacte aacattattt 51300 

«8t8agagt^,g«gcca«8tatagttcattctcangtataattctgttttat 51360 
aaatatecaacttettcagccatcctettgttgatggacatttgggtagtgtecagt^ 51420 
88gctaatgccaam««agcu.Bcteaacatatggcactctactggacagttacc^ 51480 
agagtggaat igc^agtea mggcagac atatgttcgg ttttaggaga tactaacaaa 51540 

cgg.gc.gaaaaatggdgttcacattt8cacu:tccccagcagttctggttgctgggca 51600 
tcttoaatttcctegggc^aattaccacaaactaagtggcttaaaacaacagaaatggc 51660 
caggcatggtggcteatgcc tgtaatctea gcactttggg aggctgaggc aggcagatca 51720 
cctgaggtea ggagtttgag accagcctga ccaacatgga gaaaccccat ctctactaaa 51780 
aatacaaaaa aatagccagg catggtggca ggcgactgta gtcccagcca ctcaggaggc 51840 
^ggcagga gaatggcatg aacctgggag gcagagcttg cagtgagcca agattgcacc 51900 
_actttgagaggccaaggtgggcg^^ 
aacatggcga aaccctgtct ctattaaaaa tacaaaaatt agccaggcgt ggtggtgcac 
acctgtaatc ccagctactc aggacgctga ggtgggagaa ttgcttgaac ctgggaggca 52080 
gaggctgcgg ttagctgaga tcacacctct gcactctagc ctgggcaaca gaacaagctc 52140 



catctaaaaa aaaaaaaaaa aaaaagtctt ttctgctcct tttgaaatat cagtgagttt 52200 
tcttettttt ttctgttagt tgaattgtac tgattgattt tcaaatatta agccaaactt 52260 
gcattcctga agtaaactca atttgaatgt gttgtactat tctttgtatt tattgctgaa 52320 
ttccattcac taatatttag gatttttaca tctcttcttg agaaagactg accaaagtgt 52380 
ttccattctt gtaatgttct tgttggattt gtgtatgaag tgaactacag tcatgcatca 52440 
cttaatgatg gggatatgtt ctgaaaaacg catcagtagc tgattctgtg gttgtctgaa 52500 
tatcatggac tctatttaca caaacctaaa tagaatagcc tattatactt aggttatatg 52560 
gtgtagtcta ttgctcctag gctgcaaacc tgtacagcat gttactgtac tgaatacggt 52620 
aagcaactgt aacagaatgg taagatttgt atatctaaat atagaaaagg tacag^aaa 52680 
atatgatata aaagcttaaa aatggtacat ctgcataggg cacttaccat gaatggagct 52740 
tgtaggactg aaagttgctc tggg^agtc agtgagtagt gagtgaatgt gaaagcctag 52800 
gttgttaccg tgcactacag tagacttcat aaacactgta cacttaggct acactaaatt 52860 
tacttcaaaa tatttatctt tcttcaataa taaattaatc ttegcttact gtgactgttt 52920 
tactttataa atttttaaat mttaaact ctgtacagtg gtataaaaat attttctttc 52980 
tcaccgggag tggtggctca tgcctgtaat cccatcactt tgggaggccg aggcaggcgg 53040 
atcacaagat caggagattg agaccatcct ggccaacatg gtgaaacccc atctctacta 53100 
aaaatacaaa aaaatagcca ggcatggtgg caggcgcctg tagtcccagc tactcgggag 53160 
gctgaggcag gagaa^gcg tgaacccagg aggcagagct ^cag^agc caagatcaca 53220 
ccactgcact ccagcctggg cgacagagca agactccatc tcaaaaaaaa aaaaattctt 53280 
t(^tatatc cttattctat atacttmt ctatttttaa catmttat 53340 
actttttaaa tatttttgtt aaaaactaag tcatggccgg gtgcagtggc tcacgcttgt 53400 
aatctcagta ctdgggagg ctgaggtggg tggatcactc gaggtcagga gttcaacacc 53460 
agcc^gcca atatggtgaa actctgtctc tactaaaaat ataaaaatta gccgggtgtg 53520 
gtggtgcacg cctgtagtcc cagctactca ggaggctgag gcagaagaat cgcttgaacc 53580 
caggaggcgg aggttgcagt aagccaagat catgccactg cactccagcc tgggagacag 53640 
agcaagactc catctcaaaa aaaaaaaaca acaacaaaca cacacacaca cacacacaca 53700 
aaaaccattt ccaatagtgc caagtcctat gaagaatgtg gaataccaca gtgtgataag 53760 
ggaatcatgt gggagaaaag ctgctagata gggtggtcag gacaagaggt gacatctcaa 53820 
cagaggcctg gcttttctga atttcatttt ccaaaatctg taaaataggc caggtgcagt 53880 
ggctca^gcc tgtaatccca gcactttgag aggctgaggc aggtggatca cctgaggtca 53940 
ggagttccaa acaagcctgg ccaacatgtt gaaatcctgt ttctactaga aatacgaaag 54000 
aattagctgg gcatggtggc atgcacctgt aataccagct acttaggagg ttaaggcatg 54060 
aaaattgtct gaacctggga ggtgaaagtt gcagtgagcc aagatcacac cactgtgctc 54120 
cagcctgtgc gacagagtga gaccctctct caaaaaaaaa aaaaaaatct gtaaaataaa 54180 
gacaaggata cattatctca caagcgtctt caaaggcctg aatgaggcaa tgcttacaga 54240 



acacatgcatggtcctgatatctacacctaataaatgacggctactataaatcatgtaat 54300 
atumcgtaacmataagdaataaaattaaagaacctagaacctgagggcttgtc^^ 54360 

ggctaataggtt^ggaaacttgctttttcagagacctgcgatggacttcacagatttgtc 54420 
caggctgcoc ctggccctcc atgacacacc cccgattcct ggacaaccag aggagataca 54480 
gcgcttaga aaggaggcga ctcctagatc cagggatagc cccgtctggt gccagtgtgg 54540 
aagctgcctc c<^tctca.c tccctgagag ccacaggtgc ctggaggagc ^gctgicg 54600 
gaaaaagccg ggggcctgca tcaccacctc agagctgttc aggaagclgg tcctgtccag 54660 
acacgtcctg cagttcctcc tgctctacca ggagcccttg ctggcgc^g atgtggattc 54720 
caccaacagc cggctgcggc actgtgccta caggtgctac gccacctggc gctlcggctc 54780 
ccaggacatggctgacmgccaacctgcccagctgctgccgctggaggatccggaaaga 54840 
gtttccgaagagtgaagggcagtacagtggcttcaagagtccttac^gccaggcacc 54900 
gtggctcacgtctgtaatcccagcgcmgggaggccgaggcaggcagatcacctgagat 54960 
cgggagttggagacccgcctggctaacaaggcgaaatcctgtctgtactaaaaatacaaa 55020 
aatcagccagacatggtggcatgcacctgcaatcccagctac«:gggaggc,gaggc^ 55080 
agaatcacttgaacccgggaggcagaggttgtagtgagcccagattgtgccactgctcto 55140 
cagcctggga ggcacagcaa ac^teccca aaaaaaaaaa aagagtcctt accaatagca 55200 

ggggctgcagtagccatgttaacatgacataaccagcaacttgaacacacc.gcaaag 55260 
ctctgtggccacatmcagccaaagggaaata^ctttoatcttctgttgctotctgtg 55320 
tctgagagcaaag.8acct8gttaaacaaaecagaauxctemcatggactcagagaa^ 55380 
agagattgagatg.aagtctcaactctgtecccaggaagt.gtg.gacccd»ggcctc^ 55440 

acctctetgcctcigtctecttgagcccaactec^tetctcagagatattgigaggacaa 55500 
attgagacag tgcacatgaa cigtemta atgtgtaaag atc.aca.ga a.gcaaaaca 55560 
tttcauatg aggtcagact aggataatgt ccaacteaaa acaaaccctt acatccteg 55620 

ctggagaatgtggagaactaaagg.ggccacaaa«ctttgaca«caag.cccccaaga 55680 
cctaagggtt ttatetoctc cccttgaata tgggtggcte .gat^cttt atccaaaagt 55740 

ggaagQ5aca«g.g,cagtttcaga.cctgate.taagaggc.gacagcttctact.gc 55800 
tgtccctigg aactcttgct atcggggaag ccagacgcca tttaaaagtc tgcctatcct 55860 

ggccaggtgtgg.ggc.cacacctgtealcccagcactttgggagaccaaggcgggcgga 55920 
tcacttaaagteaggagtccaagaccagaclcgccaacatggtgaaaccgtatotctaat 55980 
aaaaatacaa aaatd<gctg ggcatggtgc gggcacctgt agtcctagct atcaagaggc 56040 
tgagacagga gaaacacttg aacCgggag gtggaggttg cattgagctg agatcgtgcc 56100 
actgcactoc aggctgggtg acagagcgag actocatotc aaaaaaaaaa aaaaaagaaa 56160 



aaaaaaa.gt ctgccatcc tgagactgcc ctgogi^gl^^^-^^^-^-- 
gacagtgcct gaccagcccc agctttcaag ccatccaagc ccagtcacca aacatgagag 56280 
agaagaagcc ttcaggtgat tetggactcc actaacatat gacgatacc gcatgataca 56340 



tcccaagtga gaactgcccc ataaatccag aaaaccacat tgctatctta agtccctaag 56400 
tttggggctt atttgttcca cagcaacagg taactggaac agagggcaag cctgatgaat 56460 
gggcacacag actcagccca taccttccct ggttctaatg ttctcaggga gcccggacca 56520 
accctgggag cctcaggaac ttaggtttcc actggacagt tctagaaggg ctatagacca 56580 



<210> 2 

<211> 2164 

<212> DNA 

<213 > Homo sapiens 

<220> 

<221> CDS 

<222> (79)..(1863) 
<223> 

<400> 2 

ggcacgaggg cttgctg^ ccc^agg aagagtagag ctctggtcca gctccgcgca 



60 



gggagggagg ctgtcacc atg ccg gcc tgc tgc age tgc agt gat gtt ttc 
Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe 
1 5 10 



111 



cag tat gag acg aac aaa gtc act egg ate cag age atg aat tat gge 159 
Gin Tyr Glu Thr Asn Lys Val Thr Arg lie Gin Ser Met Asn Tyr Gly 
15 20 25 

aee att aag tgg tte ttc eac gtg ate ate ttt tec tac gtt tgc ttt 207 
Thr He Lys Trp Phe Phe His Val lie He Phe Ser Tyr Val Cys Phe 
30 35 40 

get etg gtg agt gae aag etg tae cag egg aaa gag cet gtc ate agt 255 
Ala Leu Val Ser Asp Lys Leu Tyr Gin Arg Lys Glu Pro Val He Ser 
45 50 55 

tct gtg eac acc aag gtg aag ggg ata gca gag gtg aaa gag gag ate 303 
Ser Val His Thr Lys Val Lys Gly He Ala Glu Val Lys Glu Glu Be 
60 65 70 75 

gtg gag aat gga gtg aag aag ttg gtg cac agt gtc ttt gac acc gca 351 
Val Glu Asn Gly Val Lys Lys Leu Val His Ser Val Phe Asp Thr Ala 
80 85 90 

gae tac acc ttc cet t^ cag ggg aac tct ttc tte gtg atg aca aac 399 
Asp Tyr Thr Phe Pro Leu Ghi Gly Asn Ser Phe Phe Val Met Thr Asn 
95 100 105 

ttt etc aaa aca gaa gge caa gag cag egg ttg tgt ecc gag tat ecc 447 
Thr Glu Gly Ghi Glu Gin Arg Leu Cys Pro Glu Tyr Pro 
115 ' ^ 



Phe Leu Lys 
110 



120 



acc cgc agg acg etc tgt tec tct gae ega ggt tgt aaa aag gga tgg 495 
Thr Arg Arg Thr Leu Cys Ser Ser Asp Arg Gly Cys Lys Lys Gly Trp 



125 



130 



135 



atg gae ccg cag age aaa gga att cag ace gga agg tgt gta gtg cat 543 
Met Asp Pro Gin Ser Lys Gly He Gin Thr Gly Arg Cys Val Val His 
140 145 150 155 

gaa ggg aac cag aag acc tgt gaa gtc tct gcc tgg tgc ecc ate gag 591 
Glu Gly Asn Gin Lys Tlir Cys Glu Val Ser Ala Trp Cys Pro He Glu 
160 165 170 

gca gtg gaa gag gee ecc egg ect get etc ttg aac agt gcc gaa aac 639 
Ala Val Glu Glu Ala Pro Arg Pro Ala Leu Leu Asn Ser Ala Glu Asn 
175 180 185 



Se*TT,?VaM^ 1^^^ S*'^ ttc ccc ggc cac aac tac 687 

Phe mval Leu De Lg Asn Asn He As^ pg|pro Gly His Asn Tyr 

tS Ar/i*;«^*'^ *^?.egt tta aac ate act tgt acc ttc cac 735 
-mr ^ Arg Asn De^Leu Pro Gly Uu Asn De^Thr Cys Thr Phe His 

aag act cag aat cca cag tet ccc att ttc cca eta ee& cac ate ftr vni 
^ Tb Ota Ma^o 0^ cys P^c^^,g^y ni'Se 

Ma gaa aca fic gai aat « Ra gat tti aca alt cai tic a«a an mi 
Arg Glu TtaOly Aap Asn P^S^i|, Val SS<|f<^^Gay Be 

i^^;^WfS'&=£g^°^^%i»,^-^ 



295 



gaa aac aat gtt gag aaa egg act ctg ata aaa gtc ttc geg ate 1 
Ljg Glu Asn Asn Val Glu Lys ^^llr Leu He^y^K oiy'S^ 

cgt W gac ate ctg gtt ttt ggc acc gga gga aaa ttt gac att ate 1 071 
Arg Phe Aj^ ne I^u Val Phe^lf TfifGly Gtyf ^ ]S^%, Be^De 



ctg gtt gtg tac ate ggc tea acc etc tec tac ttc set etc 
Gin 1^ Val T^r lie Gly Ser Thr Leu Se? iff pS 
340 345 



1119 
Leu Ala 



Ifa^fi^K^*^,^^* ^^-^^ sac act tac tec agt aac tgc tet 1 167 
Ala VaJPhe He Asp Ph|^I^ He Asp Thr 1^ Ser s1?& di cys 



_ 1311 
i ne Arg Met 



ccg aca tta aag tat gtg tec ttt gtg gat gaa tec cac att aea atcr 
Pro Thr Leu Lys Tyr Val Seffhl vSa^gJS S« E nl 
4UU 405 410 



ctg gcc ttc cat gac aca ccc ccg att cet gga caa cca eae sae ata i d^s 
L«jAla Uu His Aj^ Thr Pro Pro D|fro GlyOn' go'^lu Glu He 

cag ctg ctt aga aag gag gcg act cct aga tec agg gat age ccc gtc 1503 



Gin Leu Leu Arg Lys Glu Ala Thr Pro Arg Ser Arg Asp Ser Pro Val 
460 465 470 475 

Jgg tgc cag tgt gga age tgc etc cca tct caa etc cct gag age cac 1551 
Trp Cys Ghi Cys Gly Ser Cys Leu Pro Ser Ghi Leu Pro Glu Ser His 
480 485 490 

agg tgc c^ gag gag etg tgc tgc egg aaa aag ccg ggg gee tgc ate 1599 
Arg Cys Leu Glu Glu Leu Cys Cys Arg Lys Lys Pro Gly Ala Cys lie 
495 500 505 

ace acc tea g^g ctg tto agg aag ctg gtc ctg tee aga cac gtc ctg 1647 
Thr Thr Ser Glu Leu Phe Arg Lys Leu Val Leu Ser Arg His Val Leu 
510 515 520 

cag cte ctg etc tac cag gag cec ttg etg gcg ctg gat gtg gat 1695 
Ghi Phe Leu Leu Leu Tyr Gin Glu Pro Leu Leu Ala Leu Asp Val Asd 
525 530 535 

tt:e ace aac age egg ctg egg cac tgt gee tac agg tgc tac gee ace 1743 
Ser Thr Asn Ser Arg Leu Arg His Cys Ala Tyr Arg Cys Tyr Ala Thr 
540 . 545 550 555 

tgg cgc ttc ggc tec cag gae atg get gae ttt gee ate ctg cec age . 1791 
Trp Arg Phe Gly Ser Gin Asp Met Ala Asp Phe Ala De Leu Pro Ser 
560 565 570 

tgc tgc cgc tgg agg ate egg aaa gag ttt ccg aag agt gaa ggg cag 1839 
Cys Cys Arg Trp Arg He Arg Lys Glu Phe Pro Lys Ser Glu Gly Ghi 
575 580 585 

toe agt ggc ttc aag agt cct tac tgaagccagg caccgtggct caegtctgta 1893 
Tyr Ser Gly Phe Lys Ser Pro Tyr 
590 595 

atcccagcgc ttlgggaggc cgaggcaggc agatcacc^ aggtegggag ttggagaccc 1953 

gcc^gctaa caaggcgaaa tcctgtctgt actaaaaata caaaaatcag ecagaeatgg 2013 

tggcatgcac c^caatccc agctactcgg gaggctgagg cacaagaate acttgaacec 2073 

gggaggcaga ggttgtagtg ageccagatt gtgccactgc tetccagcet gggaggcaca 2133 

geaaac^tc ecaaaaaaaa aaaaaaaaaa a ' 2164 

<210> 3 

<211> 595 

<212> PRT 

<213> Homo sapiens 

<400 > 3 

Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe Gin Tyr Glu Thr Asn 
15 10 15 

Lys Val Thr Arg He Gin Ser Met Asn Tyr Gly Thr He Lys Trp Phe 
20 25 30 



Phe His Val lie He Phe Ser Tyr Val Cys Phe Ala Leu Val Ser Asd 
35 40 45 

Lys Leu Tyr Ghi Arg Lys Glu Pro Val He Ser Ser Val His Thr Lys 
50 55 60 

Val Lys Gly lie Ala Glu Val Lys Glu Glu He Val Glu Asn Gly Val 



■■■■■■■ 

^5 70 75 80 

Lys Lys LeuVal His Ser V|l Phe Asp Thr Ala Asp Tyr Thr Phe Pro 

Leu Gin Oy Asn Ser Phe Phe Val Met 11^ Asn Phe Leo Lys Tbr Glu 

Gly Gjn Glu Gin Arg Cys Pro Glu^r Pro Thr A,^ Aig ITir Leu 

Cys Ser Ser Asp Ar| Gly Cys Lys Lys Gly Tip Met Asp Pro Oh, Ser 

1^1 Gly ne Gin Gly Aig Cys^Val Val His CJuGly Asn Gin Lys 

Tbr Cys Glu Val Ser Ala T^^Cys Pro He Qu Ala Val Glu Glu Ala 

Pro Arg fto Ala Leu Leu Am Ser Ala Glu Asn Phe Thr Val Leu He 

-"■o" 185 X90 

Lys Ag Asn He Asp ^ Pio Gly His Asn IVr Ihr Thr Arg Asn He 
Leu fto Gly Leu >^n De Thr Cys "^Phe His Lys Thr Gin Asn Pro 
Gto Cys Pro He Phe Arg Gly^Asp He Phe y^gGlu Thr Gly Asp 
Asn Phe Ser^ Val Ala De Gin Gly Gly De^Met Gly lie Glu De 
Tyr Trp Ag Cys Asn L^^Asp Arg Ttp Phe His His Cys His Pro Lys 
Tyr Ser Phe Arg Arg I|u Asp Asp Ly^Thr Thr Asn Val Ser Leu Tyr 
Pro^gy Tyr Asn Phe Arg Tyr Ala Lys Tyr Tyr Lys Glu Asn Asn Val 

Ghx Lys Arg Thr Uu De Lys V^d Phe Gly De Arg Phe Asp De Leu 

- JlO 315 . 

°^2^ ^1%^^ ^ Val Val Tyr 



:-325_______.330 r--— 335- 

De Gly SgTTir Leu Ser T^r Phe Gly Leu yUa Ala Val Phe De Asp 



Phe Leu lie Asp Thr Tyr Ser Ser Asn Cys Cys Are Ser His lie Tyr 
355 360 365 



Pro Tip Cys Lys Cys Cys Gin Pro Cys Val Val Asn Glu Tyr Tyr Tyr 
370 375 380 ^ J J 



Arg Lys Lys Cys Glu Ser He Val Glu Pro Lys Pro Thr Leu Lys Tyr 
385 390 395 400 



Val Ser Phe Val Asp Glu Ser His He Arg Met Val Asn Gin Gin Leu 
405 410 415 



Leu Gly Arg Ser Leu Gin Asp Val Lys Gly Gin Glu Val Pro Arg Pro 
420 425 430 



Ala Met^p Phe Thr Leu Ser Arg^Leu Pro Leu Ala Leu His Asp 



Thr Pro Pro lie Pro Gly Gin Pro Glu Glu He Ghx Leu Leu Arc Lys 
450 455 460 



Glu Ala Thr Pro Arg Ser Arg Asp Ser Pro Val Trp Cys Gin Cys Gly 
465 470 475 480 



Ser Cys Leu Pro Ser Ghi Leu Pro Glu Ser His Arg Cys Leu Glu Glu 
485 490 495 



Leu Cys Cys Arg Lys Lys Pro Gly Ala Cys lie Thr Thr Ser Glu Leu 
500 505 510 



Phe Arg Lys Leu Val Leu Ser Arg His Val Leu Gto Phe Leu Leu Leu 
515 520 525 



Tyr Ghi Glu Pro Leu Leu Ala Leu Asp Val Asp Ser Thr Asn Ser Arg 
530 535 540 



Leu Arg His Cys Ala Tyr Arg Cys Tyr Ala Thr Tip Arg Phe Gly Ser 
545 550 555 560 



Gin Asp Met Ala Asp Phe Ala He hsa Pro Ser Cys Cys Arg Trp Arg 
565 570 575 



lie Arg Lys Glu Phe Pro Lys Ser Glu Gly Gin Tyr Ser Gly Phe Lys 
580 585 590 



Ser Pro Tyr 
595 



<210> 4 

<211> 595 

<212> PRT 

< 213 > Homo sapiens 



<220> 

<221> DOMAIN 

<222> (1)..(20) 

< 223 > latracellular domaio 



<220> 

<221> TRANSMEM 

<222> (21). .(46) 
<223> 

<220> 

<221> DOMAIN 

<222> (47).. (320) 

<223> Extracellular domain 



<220> 

<221> TRANSMEM 
<222> (321)..(356) 
<223> 

<220> 

<221> DOMAIN 

<222> (357)..(595) 

<223> Intracellular domain 



<400> 4 

Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe Gin Tyr Glu Hir Asn 
^ 10 15 

Lys Val Thr Arg He Ghi Ser Met Asn Tyr Gly Thr He Lys Tip Phe 
25 30 

Phe His Val lie lie Phe Ser Tyr Val Cys Phe Ala Leu Val Ser Asp 
40 45 

Lys Leu Tyr Ghi Lys Glu Pro^Val De Ser Ser Val His Thr Lys 

Val Lys Gly De Ala Glu Val Lys Glu Glu De Val Glu Asn Gly Val 
o3 70 75 80 

Lys Lys Leu Val His Ser Val Phe Asp Thr Ala Asp Tyr Thr Phe Pro 
oD 90 95 

Leu Ghi <a^ Asn Ser Phe Phe Val Met 11^ Asn Phe Leu Lys Thr Glu 

Gly Gin Glu Gta Arg Leu Cys Pro Glu Tyr Pro Thr Arg Arg Thr Leu 

^-^^ 120 125 

Cys Ser Ser Asp Arg Gly Cys Lys Lys Gly Trp Met Asp Pro Ghi Ser 

loj 140 



Lys Gly lie Gin TJr Gly Arg Cys Val Val His Glu Gly Asn Gin Lys 

150 155 160 



Thr Cys GIu Val Ser Ala Tip Cys Pro lie Glu Ala Val Glu Glu Ala 
165 170 175 



Pro Arg Pro Ala Leu Leu Asn Ser Ala Glu Asn Phe Thr Val Leu De 
180 185 . 190 



Lys Asn Asn lie Asp Phe Pro Gly His Asn Tyr Thr Thr Arg Asn He 
195 200 205 



Leu Pro Gly Leu Asn De Hir Cys Thr Phe His Lys Thr Gin Asn Pro 
210 215 220 



Gin Cys Pro lie Phe Arg Leu Gly Asp De Phe Arg Glu Thr Gly Asp 
225 230 235 240 



Asn Phe Ser Asp Val Ala De Ghi Gly Gly lie Met Ghr lie Glu lie 
245 250 255 



Tyr Tip Asp Cys Asn Leu Asp Arg Trp Phe His His Cys Arg Pro Lys 
260 265 270 



Tyr Ser Phe Arg Arg Leu Asp Asp Lys Thr Thr Asn Val Ser Leu Tyr 
275 280 285 



Pro Gly Tyr Asn Phe Arg Tyr Ala Lys Tyr Tyr Lys Glu Asn Asn Val 
290 295 300 



Glu Lys Arg Thr Leu lie Lys Val Phe Gly He Arg Phe Asp He Leu 
305 310 315 320 



Val Phe Gly Thr Gly Gly Lys Phe Asp lie De GUi Leu Val Val Tyr 
325 330 335 



He Gly Ser Thr Leu Ser Tyr Phe Gly Leu Ala Ala Val Phe lie Asp 
340 345 350 



Phe Leu De Asp Thr Tyr Ser Ser Asn Cys Cys Arg Ser His De Tyr 
355 360 365 



Pro Trp Cys Lys Cys Cys Gin Pro Cys Val Val Asn Glu Tyr Tyr Tyr 
370 375 380 



Arg Lys Lys Cys Glu Ser De Val Ghi Pro Lys Pro Thr Leu Lys Tyr 
385 390 . 395 400 



Val Ser Phe Val Asp Glu Ser His De Arg Met Val Asn Gin Ghi Leu 
405 410 415 



Leu Gly Arg Ser Leu Gin Asp Val Lys Gly Gin Glu Val Pro Arg Pro 
420 425 430 



Ala Met Asp Phe Thr Asp Leu Ser Arg Leu Pro Leu Ala Leu His Aot 
435 440 445 



Thr Pro Pro lie Pro Gly Gin Pro Ghi Glu He Gin Leu Leu Arg Lys 

Ala Thr Pro^/^g Ser Aig Ajp Ser Pro Val Tg^Cys Gin Cys Gly 

Ser Cys Leu Pro Ser Gin l^u Pro Glu SerHls Arg Cys Leu Glu Glu 

490 495 

Leu Cys Cys Arg Lys Lys Pro Gly Ala Cys He Thr Thr Ser Glu Leu 
juu 505 510 

Phe Ajg Lys Leu Val Leu Ser Arg His Val Leu Gin Phe Leu Leu Leu 
520 525 

Tyr Gin Glu Pro Leu Leu Ala Leu ^ Val Asp Ser Thr Asn Ser Arg 

lju Arg His Cyj^a Tyr Arg C^^Tyr Ala Thr Tij Arg Phe Gly Ser 

Gin Asp Met Ala Asp Phe Alalle Leu Pro Sw Cys Cys Arg Tip Arg 

He Arg Lys Glu Phe Pro L;^ Ser Glu Gly Gin Tyt Ser Gly Phe Lys 
Dou 585 

Ser Pro Tvr 
595 

<210> 5 

<211> 595 

<212> PRT 

<213> Homo sapiens 

<400> 5 

Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe Gin Tyr Glu Thr Asn 
* 5 10 15 

Lys Val TJr Arg De GtoSer Met Asn IVr Gly TTir He Lys Tip Phe 

Phe His Val lie He Phe Ser Tyr Val Cys Phe Ala Leu Val Ser Asp 
JO 40 45 *^ 

Lys Leu Tyi Gin ^g Lys Glu Pro Val lie Ser Ser Val His Thr Lys 
55 60 



Val Lys Gly De Ala Glu Val Lys Glu Glu De Val Glu Asn Gly Val " 
05 70 75 80 

Lys Lys Leu Val His Ser Val Phe Asp Thr Ala Asp Tyr Thr Phe Pro 



85 



90 



95 



Leu Gin Gly Asn Set Phe Phe Val Met Thr Asn Phe Leu Lys Thr Glu 
100 105 110 

Gly Gin Glu Gin Tip Leu Cys Pro Glu "^r Pro Thr Arg Arg Thr Leu 
120 12S 

Cys Ser Ser Asp Arg Gly Cys Lys L^ Gly Tip Met Asp Pro Gin Ser 
Lj| Gly Ue Gin Gly Arg Cys Jal Val His Glu Gly Asn Gin Lys 



155 



160 



Thr Cys Glu Val Ser Ala Tip Cys Pro De Glu Ala Val Glu Glu Ala 
165 170 175 

^ Arg Pro Ala Leu Leu Asn Ser Ala Glu Asn Phe Thr Val Leu De 
Lys Asn Asn De Asp Phe Pro Gly His Asn Tyr Thr Thr Arg Asn He 



200 



205 



Leu Pro Gly Leu AsaUe Thr Cys T^Phe His Lys Thr Gin Asn Pro 
Gto Cys Pro De Pte Arg Leu Gly Asp He Phe Ar^ Glu Thr Gly Asp 



235 



240 



Asn Phe Set Asp Val Ala De Gin Gly Gly He Met Gly De Ghi De 
245 250 255 

Tyr Tip Asp Cys Asn Leu Asp Arg Tip Phe His His Cys Arg Pro Lys 
zoo 265 270 

^ ^27?® Arg Arg Ig Asp Asp L^^s^Thr Thr Asn Val Ser Leu Tyr 



285 



^%S^y Tyr Asn Phe Arg Tyr Ala Lys Tyr Tyr Lys Glu Asn Asn Val 
zyu 295 300 

305 "^^h^ "^^Jt^ Ar^Phe Asp He Leu 



310 



315 



320 



Val Phe Gl^rar Gly Gly Lys Phe Asp He He Ghi Uu Val Val Tyr 



330 



335 



lie Gly Ser Thr Leu Ser Tyr Phe Gly Leu Ala Ala Val Phe Ue Asp 
340 345 350 

Phe Leu De Asp Thr Tyr Ser Ser Asn Cys Cys Arg Ser His He Tyr 
355 360 365 



Pro Cys Lys C|rs Cys Gin Pro Val Val Asn Glu Tyr Tyr Tyr 

Lys Lys Cys Glu Ser He Glu Pro Lys Pro Thr Leu Lys Tyr 

Val Ser Phe Val Asp Glu Ser His He Arg Met Val Asn Gin Gin Leu 
•Hjj 41Q * ... 

Leu Gly ^ Ser Leu Gta Asp Val Lys Gly Gin Ghi Val Pro Arg Pit, 
Ala Mrt Asp Phe Thr Asp Leu Ser Arg^Leu Pro Leu Ala Leu His Asp 
Thr Pro Pro He Pro Gly Gin Pro Ghi Glu He Gta Leu Leu Arg Lys 
Gta Ala Thr Pro^^g Ser Aig A^ Ser Pro Val Tm Cys Gta Cys Gly 



Ser Cys I*u go Ser Gta Le^u Pro Glu Ser Hg Arg Cys Leu Gta Gta 
Leu Cys^^s Arg Lys Lys^Pro Gly Ala (^s^De Thr Thr Ser Gta Leu 
Phe >^ Lys Leu Val Uu Ser Arg His Val Leu Gta Phe Leu Leu Uu 
Tyr Gin Gta Pro Lg Leu Ata Leu >^p Val Asp Ser Tlir Asn Ser Arg 
lju Aig His Cyj Ala Tyr Arg C^s^Tyr Ala Thr T^ Arg Phe Gly Ser 
Gta Asp Met Ala Asp Phe Ata He Pro S^Cys Cys Arg Trp Arg 
ne Arg Ly^Glu Phe Pro L^s Ser Gta Gl^^Gta Tyr Ser Gly Phe Lys 

Ser Pro Tyr 
595 



<210> 6 
<211> 595 
<212>^ PRT 
~^I3'> Homo sapiens~' 

<400 > 6 



Met Pro Ala^Cys Cys Ser Cys Ser Asp Val Phe Gta Tyr Gta Tbx Asn 



33 



Lys Val Thr Arg De Gin Ser Met Asn Tyr Gly Thr He Lys Tro Phe 
20 25 30 



Phe His Val De He Phe Set Tyr Val Cys Phe Ala Leu Val Ser Asp 
35 40 45 



Lys Leu Tyr Ghi Arg Lys Glu Pro Val He Ser Ser Val His Thr Lys 
50 55 60 



Val Lys Gly De Ala Glu Val Lys Glu Glu De Val Glu Asn Gly Val 
65 70 75 80 



Lys Lys Leu Val His Ser Val^Phe Asp T^^la Asp T^r Thr Phe Pro 



Leu Gin Gly Asn Ser Phe Phe Val Met Thr Asn Phe Leu Lys Thr Glu 
100 105 110 



Gly Ghi Glu Gta Arg Leu Cys Pro Glu TVr Pro Thr Arc Are Thr Leu 
115 120 125 



Cys Ser Ser Asp Arg Gly Cys Lys Lys Gly Trp Met Asp Pro Gin Ser 
130 135 140 



Lys Gly He Gin Thr Arg Arg Cys Val Val His Glu Gly Asn Gin Lys 
145 150 155 160 



Thr Cys Glu Val Ser Ala Tip Cys Pro He Glu Ala Val Glu Glu Ala 
165 170 175 



Pro Arg Pro Ala Leu Leu Asn Ser Ala Glu Asn Phe Thr Val Leu He 
180 185 190 



Lys Asn Asn lie Asp Phe Pro Gly His Asn Tyr Thr Thr Arg Asn He 
195 200 205 



Leu Pro Gly Leu Asn He Thr Cys Thr Phe His Lys Thr Gin Asn Pro 
210 215 220 



Gin Cys Pro He Phe Arg Leu Gly Asp He Phe Arg Glu Thr Gly Asp 
225 230 235 240 



Asn Phe Ser Asp Val Ala He Gin Gly Gly He Met Gly He Glu lie 
245 250 255 



Tyr Trp Asp Cys Asn Leu Asp Arg Trp Phe His His Cys Arg Pro Lys 
260 265 270 



Tyr Ser Phe Arg Arg Leu Asp Asp Lys Thr Thr Asn Val Ser Leu Tyr 
275 280 285 



^0 

Pro Gly Tyr Asn Phe Arg Tyr Ala L^s Tyr Tyr Lys Glu Asn Asn Val 

Gto Lys Arg Thr Uu lie Lys Val Phe Gly lie Arg Phe Asp De Leu 
■'wj ^lu 

Val Phe Gly m Gly Gly Lys Phe Asp De De Gla Leu Val Val Tyr 
325 330 335 ' 

Be Gly S|rThr Leu Ser T>t Phe Gly Leu yua Ala Val Phe De Asp 
Phe ne Asp nir Tg^Ser Ser Asn^^s Cys Arg Set His He Tyr 

^37?* *375^* ^ Tyr Tyr 

^g Lys Lys Cys Glu Ser He V^ Glu Pro Lys Pro Thr Leu Lys Tyr 
J03 390 395 400 

Val Ser Phe Val Asp Glu Ser His He Arg Met Val Asn Gin Gto Leu 
405 410 415 

Leu Gly ^g Ser Leu Gin >^ Val Lys Gly Gin Glu Val Pro Arg Pro 
420 425 430 

Ala 1^ Asp Phe Thr ^ Leu Ser Ar|^Leu Pro Leu Ala Leu His Asp 

Thr Pro Pro He Pro Gly Ghi Pro Glu Ghi De Ghi Leu Leu Arg Lys 

fflu Ala Thr Pro^/jg Ser Arg A^ Ser Pro Val T^^Cys Gin Cys Gly 

Ser Cys Leu Pro Ser Gta Leu Pro Glu Ser His Arg Cys Leu Glu Glu 
4o3 490 495 

Leu Cys Cjfs Aig Lys Lys Pro Gly Ala Cys De Thr Thr Ser Glu Leu 
3ull 505 510 

Phe Ajg Lys Leu Val Leu Ser Arg His Val Leu Ghi Phe Leu Leu Leu 
3*3 520 525 

Tyr Gin Glu Pro Leu Aia Leu ^ Val Asp Ser Thr Asn Ser Arg 

-guAlgTHiffCys-Ma-T^-Al^rCyffTyrAlaWTfp-^ 
345 550 555 5go 

Gbi Asp Met^Ala Asp Phe Milie Uu Pro ^^Cys Cys Arg Trp Arg 



ne Arg Lys Glu Phe Pro Lys STer Glu Gly Gin Tyr Ser Gly Phe Lys 
580 585 590 ^ / 



Ser Pro Tyr 
595 



<210> 7 

<211> 595 

<212> PRT 

< 213 > Homo sapiens 

<400> 7 

Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe Gin Tyr Glu Thr Asn 
15 10 15 



Lys Val Thr Arg lie Ghi Ser Met Asn Tyr Gly Thr He Lys Trp Phe 
20 25 30 

Phe His Val He He Phe Ser Tyr Val Cys Phe Ala Leu Val Ser Aso 
35 40 45 



Lys Leu Tyr Ghi Arg Lys Glu Pro Val He Ser Ser Val His Thr Lys 
50 55 60 



Val Lys Gly He Ala Glu Val Lys Glu Glu Be Val Glu Asn Gly Val 
65 70 75 80 



Lys Lys Leu Val His Ser Val Phe Asp Thr Ala Asp Tyr Thr Phe Pro 
85 90 95 



Leu Gin Gly Asn Ser Phe Phe Val Met Thr Asn Phe Leu Lys Thr Glu 
100 105 110 

Gly Gin Glu Gin Arg Leu Cys Pro Glu Tyr Pro Thr Arc Are Thr Leu 
115 120 125 

Cys Ser Ser Asp Arg Gly Cys Lys Lys Gly Trp Met Asp Pro Gin Ser 
130 135 140 



Lys Gly He GUi Thr Gly Arg Cys Val Val His Glu Gly Asn Ghi Lys 
145 150 155 160 



Thr Cys Glu Val Ser Ala Trp Cys Pro lie Glu Ala Val Glu Glu Ala 
165 170 175 



Pro Arg Pro Ala Leu Leu Asn Ser Ala Lys Asn Phe Thr Val Leu lie 
180 185 190 



Lys Asn Asn lie Asp Phe Pro Gly His Asn Tyr Thr Thr Arg Asn lie 
195 200 205 



Leu Pro Gly Leu Asn lie Thr Cys Thr Phe His Lys Thr Gin Asn Pro 



210 



215 



220 



gn Cys Pro De^he Arg Uu Gty Asp Be Phe AgGlu Thr Gly Asp 

Asn Phe Ser Asp Val Ala lie Gin Gly Gly He Met Gly He Glu De 

250 255 

Tyr Trp Cys Asn Lw^Asp Arg Tip |he His His Cys Arg Pro Lys 

Tyr Ser Phe Arg Arg jUu Asp Asp Lys Thr Tlu- Asn Val Ser Leu Tyr 
^/D 280 285 

^° ^ ^Jls^S Ala ^ Tyi Tyr Lys Ghi Asn Asn Val 

Lys Arg Thr L«i Be Lys Val Phe Gly He Arg Phe Asp De Leu 

^^-^ Jiu 315 320 

Val Phe Gl:^gir Gly Gly Lys Phe Asp He ^^Ghi Leu Val Val Tyr 

He Gly S«Thr Leu Ser T^r Phe Gly Leu Ala Ala Val Phe He Asp 

345 350 

Phe De Asp Thr Tg^Ser Ser Asn j^s Cys Arg Ser His De lyr 

3TO^ ^^^^ ^ ^ 

Aig Lys Lys Cyj Glu Ser He V^ Glu Pro Lys RroThr Leu Lys Tyr 



400 



Val Ser Phe Val Asp Glu Sct His He Arg Met Val Asn Gin Gla Leu 
W3 410 415 



Leu Gly Arg Ser Leu Gin >^ Val Lys Gly Gin Glu Val Pro Arg Pro 
425 430. 

Ala Mrt Asp Phe Thr Ag) Leu Ser Arg^Leu Pro Leu Ala Leu His Asp 

Thr Pro Pro lie Pro Gly Gin Pro Glu Glu He Gin Leu Leu Arg Lys 

455 460 

S"-.^ ^'"^Tpg Arg Asp Ser Pro Val T g ^Cys Ghi Cys G ly 



Ser Cys Leu Pro Ser Ghi Loa Pro Glu Ser His Arg Cys Leu Glu Glu 
HOD 490 495 



Leu Cys (^s Arg Lys Lys^P^o Gly Ala Q^s^He Thr Thr Ser Glu Leu 

Phe Ajg Lys Leu Val Leu Ser Arg His Val Leu Gin Phe Leu Leu Leu 
515 520 525 

Tyr Gin Glu Pro Leu Leu Ala Leu Asp Val Asp Ser Thr Asn Ser Arc 
530 535 540 

Leu Arg His Cys Ala Tyr Arg Cys Tyr Ala Thr Trp Arg Phe Gly Ser 
545 550 555 560 

Gin Asp Met Ala Asp Phe Ala He Leu Pro Ser Cys Cys Are Tro Are 
565 570 575 . 

lie Arg Lys^Glu Phe P^o^vs Ser Glu Gl^^^n Tyr Ser Gly Phe Lys 

Ser Pro Tyr 
595 

<210> 8 

<211> 595 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe Gin Tyr Glu Thr Asn 
15 10 15 

Lys Val Thr Arg He Gin Ser Met Asn Tyr Gly Thr lie Lys Tip Phe 
20 25 30 

Phe His Val He He Phe Ser Tyr Val Cys Phe Ala Leu Val Ser Asp 
35 40 45 

Lys Leu Tyr Gbi Arg Lys Glu Pro Val Ue Ser Ser Val His Thr Lys 
50 55 60 

Val Lys Gly He Ala Glu Val Lys Glu Glu He Val Glu Asn Gly Val 
65 70 75 80 

Lys Lys Leu Val His Ser Val Phe Asp Thr Ala Asp Tyr Thr Phe Pro 
85 90 95 

Leu Ghi Gly Asn Ser Phe Phe Val Met Thr Asn Phe Leu Lys Thr Glu 
100 105 110 



Gly Gin Glu Gin Arg Leu Cys Pro Glu Tyr Pro Thr Arg Are Thr Leu 
115 120 125 

Cys Ser Ser Asp Arg Gly Cys Lys Lys Gly Trp Met Asp Pro Gin Ser 
130 135 140 



Lys Gly De Gin m Gly Arg Cys^Val Val His Glu Gly Asn Gin Lys 

Thr Cys Glu Val Ser Ala Tip Cys Pro He Glu Ala Val Glu Glu Ala 
lo5 ■ 170 ™" 

Pro Aig-fto Ala Leu Leu >^n Ser Ala Glu Asn Pbe Thr Val Pro He 

185 

Lys Ajn Asn De Asp ^ Pro Gly His Asn lyr Thr Thr Arg Asn lie 

Leu ^^o Gly Leu AsnUe Tbr Cys "gr Phe His Lys Thr Gin Asn Pro 

gn Cj« Pro ne^e Arg Leu Gl^Asp He Phe i^Glu Thr Gly Asp 

Asn Phe Ser^ Val Ala HeGln Gly Gly Ile^Met Gly He Glu lie 

Tyr Trp Cys Asn I^^Asp Arg Tip Phe His His Cys Arg Pro Lys 

Tyr Sct Phe Arg Arg Asp Asp L^Thr Thr Asn Val Ser Leu Tyr 

Pro^Gly Tyr Asn Ph| Arg Tyt Ala L^s I^r Tyr Lys Glu Asn Asn Val 

Glu Lys Arg Thr L*u lie Lys Vid Phe Gly De Arg Phe Asp He Leu 
31U 315 

Val Phe Gly m Gly Gly Lg Phe Asp De He Ghi Leu Val Val Tyr 

De Gly SerThr Leu Ser Tyr Phe Gly Leu Ala Ala Val Phe He Asp 

345 

Phe 1^ De Asp Thr Tg^Ser Ser Asn C^s Cys Arg Ser His He Tyr 

^"37? ^^5^ ^ia ^ '^y'" 

Axg Lys Lys Cys Glu Ser lie V^ Glu Pro Lys Pro Thr Leu Lys Tyr 



400 



Val Ser Phe Val Asp Glu Ser His He Arg Met Val Asn Gin Gin Leu 
405 410 415 



Leu Gly Arg Ser Leu Gin Asp Val Lys Gly Gin Glu Vai Pro Arc Pro 
420 425 430 

Ala Mg^Asp Phe Thr Asp Leu Ser ArgLeu Pro Leu Ala Leu His Asp 

Thr Pro Pro He Pro Gly Gin Pro Glu Glu lie Gin Leu Leu Are Lvs 
450 455 460 

Glu Ala Thr Pro Arg Ser Arg Asp Ser Pro Val Trp Cys Gin Cys Gly 
465 470 475 480 

Ser Cys Leu Pro Ser Gin Leu Pro Glu Ser His Arg Cys Leu Glu Glu 
485 490 495 

Leu Cys Cys Arg Lys Lys Pro Gly Ala Cys He Thr Thr Ser Glu Leu 
500 505 510 

Phe Arg Lys Leu Val Leu Ser Arg His Val Leu Gin Phe Leu Leu Leu 
515 520 525 

Tyr Gin Glu Pro Leu Leu Ala Leu Asp Val Asp Ser Thr Asn Ser Ate 
530 535 540 

Lbu Arg His Cys Ala Tjrr Arg Cys Tyr Ala Thr Trp Arg Phe Gly Ser 
545 550 555 560 

Gin Asp Met Ala Asp Phe Ala He Leu Pro Ser Cys Cys Arg Tro Are 
565 570 575 s i' 5 

lie Arg Lys Glu Phe Pro Lys Ser Glu Gly Gin Tyr Ser Gly Phe Lvs 
580 585 590 



Ser Pro Tyr 
595 



<210> 9 
<211> 595 
<212> PRT 
<213> Homo sapiens 

<400> .9 

Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe Gin Tyr Glu Thr Asn 
1 5 10 15 

Lys Val Thr Arg lie Gin Ser Met Asn Tyr Gly Thr Be Lys Trp Phe 
20 25 30 

Phe His Val lie He Phe Ser Tyr Val Cys Phe Ala Leu Val Ser Aso 
35 40 45 ^ 



Lys Leu Tyr Gin Arg Lys Glu Pro Val He Ser Ser Val His Thr Lys 
50 55 60 



H 

Val Lys Gly He Ala Ghi Val L^^Glu Glu fle Glu Asn Gly Val 

Lys Lys LeuVal His Ser Val Phe Asp Thr Ala Asp TyrTUr Phe Pro 

Leu Gin Glj Asn Ser Phe Phe Val Met Tl^ Asn Phe Leu Lys lUr Glu 

Gly Gin Glu Gin Arg Cys Pro Glu Tyr Pro Thr Arg Arg TTir Leu 

Cys Ser Ser Asp Arg Gly Cys Lys L^ Gly Tip Met Asp Pro Gin Ser 

Lyj Gly Ue GlnT^ Gly Arg Cjji^Val Val His GluGly Asn Gin Lys 

Thr Cys Glu Val Ser Ahi Tip Cys Pro lie Glu Ala Val Glu Glu Ala 
165 170 175 ""^ 

Pro Arg fto Ala Leu Leu >^ Ser Ala Glu Asn Phe Thr Val Leu lie 

••^w 185 190 

Lys Asa Asn He Asp ^Pro Gly His Asn T^r Thr Thr Aig Asn lie 

Leu go Gly Leu Am He Thr Cys "^Phe His Lys Thr Gin Asn Pro 

gn Cys Pro He Rie Arg Leu Gl^Asp He Phe i^Glu Thr Gly Asp 

Asn Phe Ser Asp Val Ala He Gta Gly Gly He Met Gly De Glu De 
245 250 255 

Tyr Trp Cys Asn Leu^Asp Arg Ttp Phe His His Cys Cys Pro Lys 

Tyr Ser Phe Arg Arg Uru Asp Asp Lys Thr Thr Asn Val Ser Leu Tyr 
2oO 285 

Pro^Gly Tyr Asn Phe Arg TVr Ala Lys Tyr Tyr Lys Glu Asn Asn Val 
gu Lys Arg Tl^ Uu He Lys Vd Phe Gly He Ar|Phe Asp He Leu 



VaTPhe Gly Thr Gly Gly Lys Phe Asp De fl"e Gin Leu Val Val^Tyr 
325 330 335 ^ 

Be Gly Ser Thr Leu Ser Tyr Phe Gly Leu Ala Ala Val Phe De Asp 



340 345 350 

Phe Leu He Asp Thr Tyr Ser Ser Asn Cys Cys Arg Ser His He Tvr 
355 360 365 

P«> Trp Cys Lys Cys^Cys Gin Pro Cys Val Val Asn Glu Tyr Tyr Tyr 

Arg Lys Lys Cys Glu Ser He Val Glu Pro Lys Pro Thr Leu Lys Tvr 
385 390 395 400 

Val Ser Phe Val Asp Glu Ser His He Arg Met Val Asn Gin Gin Leu 
405 410 415 

Leu Gly Are Ser Leu Gin Asp Val Lys Gly Gin Glu Val Pro Arg Pro 
420 425 430 

Ala Me^ Asp Phe Thr Ag) Leu Ser Arg^Leu Pro Leu Ala Leu His Asp 

^.fi*' ^® Gin Pro Glu Glu He Ghi Leu Leu Air Lvs 

450 455 460 

Qu Ala Thr Pro^iJ^g Ser Arg Ser Pro Val Tig>^Cys Gki Cys Gly 

Ser Cys Leu Pro Ser Gin Leu Pro Glu Ser His Arg Cys Leu Glu Glu 
485 490 495 

Leu Cys Cys Arg Lys Lys Pro Gly Ala Cys He Thr Thr Ser Glu Leu 
500 505 510 

Phe Axg Lys Leu Val Leu Ser Arg His Val Leu Gin Phe Leu Leu Leu 
515 520 525 

Tyr C31n Glu Pro Leu Ala Leu Asp Val Asp Ser Thr Asn Ser Arg 

L&a Arg His Cys Ma Tyr Arg Cy|^Tyr Ala Thr Tgp Arg Phe Gly Ser 

Gin Asp ^^^Ala Asp Phe Ala^He Leu Pro Ser Cys Cys Arg Tip Arg 

He Arg Lys Glu Phe Pro Lys Ser Glu Gly Gin Tyr Ser Gly Phe Lvs 
580 585 590 y ^ ^y^ 



Ser Pro Tyr 
595 



<210> 10 
<211> 595 
<212> PRT 



<2I3> Homo sapiens 
<400> 10 

Met Pro Ala^Cys Cys Ser Q^s Ser Asp Val Phe Gin Tyr Glu Hir Asn 

Lys Val IJr Arg He Ginger Met Asn Gly Thr He Lys Trp Phe 

Phe ffis Val He De Pte Ser Tyv Val ^s Phe Ala Lea Val Ser Asp 

Lys Leu Tyr Gin ^ Lys Glu Projal He Ser Ser Val His ITir Lys 

Val Lys Gly He Ala Glu Val Lys^Glu Glu He Val Glu Asn Gly Val 

Lys Lys UuVal His Ser Val Phe Asp Thr Ala Asp Tyr Thr Phe Pro 

Leu Gin Gly Asn Ser Phe Phe Val Met 11^ Asn Phe Uu Lys Thr Glu 

Gly Gin Glu Gin Arg Cys Pro Glu Tyr Pro Thr Arg Arg Tbr Leu 

Cys Ser Ser Asp Ar| Gly Cys Lys L^g Gly Tip Met Asp Pro Gin Ser 

L^l Gly He Gto Tte Gly Arg Cys Val Val His Glu Gly Asn Ghi Lys 

Thr Cys Glu Val Ser Ala Tip Cys Pro De Glu Ala Val Glu Glu Ala 
lo5 170 ™" 

Pro Arg Pro Ala Leu Leu Ser Ala Glu Asn Phe Thr Val Leu He 
185 190 

Lys Asn Asn De Asp Phe Pro Gly His Asn Tyr Thr Thr Arg Asn He 
zuu 205 

Leu Pro Gly I^u A^Jic Thr Cys m Phe His Lys Thr Gin Asn Pro 

Gin Cys Pro He Phe Arg Uu Gly Asp He Phe Arg G!u Thr Gly Asp 

" -^u 235 240 



-Asn,Phe.Set^yaLAIaJleGln.Gly-Gly-Ile-M 

245 250 255 

Tyr Trp Asp Cys Asn Uu^Asp Arg Trp Phe His His Cys Arg Pro Lys 



Tyr Ser Phe Arg Arg Leu Asp Asp Lys Thr Thr Asa Val Ser Leu Tvr 
275 280 285 ^ 



Pro Gly Tyr Asn Phe Arg Tyr Ala Lys TVr Tyr Lys Glu Asn Asn Val 
290 295 300 



Glu Lys Arg Thr Leu lie Lys Val Phe Gly He Arg Phe Asp He Leu 
305 310 315 320 



Val Phe Gly Thr Gly Gly Lys Phe Asp He Be Ghi Leu Val Val Tyr 
325 330 335 



Be Gly Ser Thr Leu Ser Tyr Phe Gly Leu Ala Ala Val Phe He Asp 
340 345 350 



Phe Leu He Asp Thr Tyr Ser Ser Asn Cys Cys Arg Ser His He Tyr 
355 360 365 



Pro Trp Cys Lys Cys Cys Ghx Pro Cys Val Val Asn Glu Tyr Tyr Tyr 
370 375 380 • / 



Arg Lys Lys Cys Glu Ser He Val Glu Pro Lys Pro Thr Leu Lys Tyr 
385 390 395 400 



Val Ser Phe Val Asp Glu Ser His lie Arg Met Val Asn Gin Gin Leu 
405 410 415 



Leu Gly Arg Ser Leu Gin Asp Val Lys Gly Gin Glu Val Pro Arc Pro 
420 425 430 



Ala Met Asp Phe Thr Asp Leu Ser Arg Leu Pro Leu Ala Leu His Asp 
435 440 445 



Thr Pro Pro De Pro Gly Gin Pro Glu Glu lie Gin Leu Leu Arg Lys 
450 455 460 



Glu Ala TTu- Pro Arg Ser Arg Asp Ser Pro Val Trp Cys Gin Cys Gly 
465 470 475 480 



Ser Cys Leu Pro Ser Gin Leu Pro Glu Ser His Are Cys Leu Glu Glu 
485 490 495 



Leu Cys Cys Arg Lys Lys Pro Gly Ala Cys He Thr Thr Ser Glu Leu 
500 505 510 



Phe Arg Lys Leu Val Leu Ser Arg His Val Leu Gin Phe Leu Leu Leu 
515 520 525 



Tyr Gin Glu Pro Leu Leu Ala Leu Asp Val Asp Ser Thr Asn Ser Arg 
530 535 540 



I^u Arg His Cys Al a Tyr Arg Ty r Ala Thr Tip Arg Phe Gly Set 
550 555 560 

Gin Asp Met^Ala Asp Phe Ala^Asn Leu Pro^Ser Cys Cys Arg Tip Arg 

He Arg Lys Glu Phe Pro Lys Ser Glu Gly Gin Tyr Ser Gly Phe Lys 
580 585 590 ' 

Ser Pro Tyr 
595 

<210> 11 

<211> 588 

<212> PRT 

< 2 13 > Homo sapiens 

<400> 11 

Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe Gin Tyr Glu Thr Asn 
15 10 15 

Lys Val Arg He GhiSer Met Asn T^r Gly Thr He Lys Tip Phe 

Phe His Val He He Phe Ser Tyr Val Cys Phe Ala Leu Val Ser Asp 

Lys Leu Tyr Gin ^ Lys Ghi Pro^ Val De Ser Ser Val His Thr Lys 

Val Lys Gly He Ala Glu Val Lys Glu Glu He Val Glu Asn Gly Val 
» 70 75 80 

Lys Lys Leu Val His Ser Val Phe Asp Thr Ala Asp Tyr Thr Phe Pro 

5D 90 95 

Leu Gin Gly Asn Ser Phe Phe Val Met TJ^ Asn Phe Leu Lys Thr Glu 

Gly Gin Glu Gin Arg Cys Pro Glu Tyr Pro Thr Arg Arg Thr Leu 

Cys Ser Ser Asp Arg Gly Cys Lys Lys Gly Trp Met Asp Pro Gin Ser 
^'^^ LOD 140 

Lys Gly He Gin Gly Arg Cys Jal Val His GluGly Asn Gin Lys 

Thr Cys Glu Val Ser Ala Trp Cys Pro He Glu Ala Val Glu Glu Ala 

: r-lpS. -— - — 1-70^ — — —-ITS 



Pro Arg Pro Ala Leu Leu ^n Ser Ala Glu Asn Phe Thr Val Leu lie 



^4 



Lys Asn Asn lie Asp Phe Pro Gly His Asn Tyr Tlir Thr Are Asn De 
195 200 205 



Leu Pro Gly Leu Asn He Thr Cys Thr Phe His Lys Thr Gin Asn Pro 
210 215 220 



Gin Cys Pro Ee Phe Arg Leu Gly Asp lie Phe Arg Glu Thr Gly Aso 
225 230 235 240 



Asn Phe Ser Asp Val Ala De Gin Gly Gly He Met Gly De Glu He 
245 250 255 



Tyr Trp A^ Cys Asn Leu Asp Arg Tip Phe His His Cys Arc Pro Lys 
260 265 270 ^ & j 



Tyr Ser Phe Arg Arg Leu Asp Asp Lys Thr Thr Asn Val Ser Leu Tyr 
275 280 285 



Pro Gly Tyr Asn Phe Arg Tyr Ala Lys Tyr Tyr Lys Glu Asn Asn Val 
290 295 300 



Glu Lys Arg Thr Leu He Lys Val Phe Gly He Arg Phe Asp He Leu 
305 310 315 320 



Val Phe Gly Thr Gly Gly Lys Phe Asp He He Gin Leu Val Val Tyr 
325 330 335 



lie Gly Ser Thr Leu Ser Tyr Phe Gly Leu Ala Ala Val Phe He Aso 
340 345 - 350 



Phe Leu He Asp Thr Tyr Ser Ser Asn Cys Cys Arg Ser His He Tvr 
355 360 365 



Pro Trp Cys Lys Cys Cys Ghi Pro Cys Val Val Asn Glu Tyr Tvr Tvr 
370 375 380 / 



Arg Lys Lys C^s Glu Ser Be Val Glu Pro Lys Pro Thr Leu Lys Tyr 
385 390 395 400 ^ ^ . 



Val Ser Phe Val Asp Glu Ser His De Arg Met Val Asn Ghi Gin Leu 
405 410 415 

Leu Gly Arg Ser Leu Gin Asp Val Lys Gly Gin Glu Val Pro Are Pro 
420 425 430 



Ala Met Asp Phe Thr Asp Leu Ser Arg Leu Pro Leu Ala Leu His Asp 
435 440 445 



Thr Pro Pro De Pro Gly Ghi Pro Glu Glu De Ghi Leu Leu Are Lvs 
450 455 460 » B 



Glu Ala Thr Pro Arg Ser Arg Asp Ser Pro Val Trp Cys Gin Cys Gly 



465 470 475 480 

Ser Cys Leu go Ser Gin L^^Glu Glu Leu C^j Cys Arg Lys Lys Pro 

Gly Ala Cys He Thr Thr Ser Glu Leu Phe Arg Lys Leu Val Leu Ser 
500 505 510 

Arg Hjs Val Leu Gin Phe Leu Leu Leu Tyr Gin Glu Pro Leu Leu Ala 
515 520 525 *«u^- 

Leu >^ Val Asp S|r m- Asn Ser Leu Arg His Cys Ala Tyr Arg 

Qfs Tyr Ala Thr Trp Arg Phe Gly Ser Gto Asp Met Ala Asp Phe Ala 

555 560 

ne I^u Pro Ser Cys Cys Ar|^Trp Arg He Arg Lys Glu Phe Pro Lys 

Ser Glu Gly Gin Tyr Ser Gly Phe Lys Ser Pro Tyr 
580 585 

<210> 12 
<211> 595 
<212> PRT 
< 213 > Homo salens 

<400> 12 

Met Pro Ala Cys Cys Ser Cys Ser Asp Val Phe Gin Tyr Glu Thr Asn 
15 10 15 

Lys Val Ihr Arg He Ghi Ser Met Asn Tyr Gly Thr lie Lys Trp Phe 
*w 25 30 

Phe ffis Val He He Phe Ser Tyr Val Cys Phe Ala Leu Val Ser Asp 
40 45 *^ 

Lys Leu Tyr Gin i^g Lys Glu Pro^V al He Ser Ser Val His Thr Lys 

Val Lys Gly lie Ala Glu Val Lys Glu Glu He Val Glu Asn Gly Val 
M 70 75 80 

Lys Lys Leu Val His Ser Val Phe Asp Thr Ala Asp Tyr Thr Phe Pro 
OD 90 95 

Leu Ghi Gly Asn Ser Phe Phe Val Met TT^ Asn Phe Leu Lys Thr Glu 



Gly Gin Glu Gin Arg Cys Pro Glu Tyr Pro Thr Arg Arg Thr Leu 



Cys Ser Ser Asp Arg Gly Cys Lys Lys Gly Trp Met Asp Pro Gin Ser 
130 135 140 



Lys Gly Be Gin Thr Gly Arg Cys Val Val His Glu Gly Asn Gin Lys 
145 150 155 160 

Thr Cys Glu Val Ser Ala Tip Cys Pro He Glu Ala Val Glu Glu Ala 
165 170 175 

Pro Arg Pro Ala Leu Leu Asn Ser Ala Glu Asn Phe Thr Val Leu He 
180 185 190 

Lys Asn Asn lie Asp Phe Pro Gly His Asn Tyr Thr Thr Arg Asn He 
195 200 205 

Uu Pro Gly Leu Asn Re Thr Cys Thr Phe His Lys Thr Ghi Asa Pro 
210 215 220 

Gjn Cys Pro De^te Arg Leu GlJ^Asp He Phe ^gGlu Thr Gly Asp 

Asn Phe Ser Asp Val Ala lie Ghi Gly Gly lie Met Gly lie Glu He 
245 250 255 

Tyr Trp Asp Cys Asn Leu Asp Arg Trp Phe His His Cys Are Pro Lys 
260 265 270 

Tyr Ser Phe Arg Arg Leu Asp Asp Lys Thr Thr Asn Val Ser Leu Tvr 
275 280 285 



^^^^9P Tyr Ala Lys Tyr Tyr Lys Glu Asn Asn Val 

290 295 300 

Glu Lys Arg Thr Leu He Lys Val Phe Gly He Arg Phe Asp He Leu 
305 310 315 320 

Val Phe Gly Thr Gly Gly Lys Phe Asp He He Ghi Leu Val Val Tyr 
325 330 335 

He Gly Ser Thr Leu Ser Tyr Phe Gly Leu Ala Ala Val Phe He Asn 
340 345 350 

Phe Leu He Asp Thr Tyr Ser Ser Asn Cys Cys Arc Ser His He Tvr 
355 360 365 

Pro Trp Cys Lys Cys Cys Gin Pro Cys Val Val Asn Glu Tyr Tyr Tyr 
370 375 380 



Arg Lys Lys Cys Glu Ser He Val Glu Pro Lys Pro Thr Leu Lvs Tvr 
385 390 395 400 

Val Ser Phe Val Asp Glu Ser His He Arg Met Val Asn Ghi Gin Leu 
405 410 415 



Uu Gly ^ Ser Leu Gta Asp Val Lys GlyGhx Glu Val Pro Arg Pro 

Ala ftfct Asp Phe Tbr Leu Ser Arg Leu Pro Leu Ala Leu His Asp 
«3 440 445 

Thr Pro Pro He Pro Gly Gin Pro Glu Glu lie Gin Leu Uu Arg Lys 
455 460 

Gin Ala Thr Pro Ser Arg A^ Ser Pro Val Tg^Cys Gin Cys Gly 

Ser Cys Leu Pro Ser Gin Leu Pro Glu Ser His Aig Cys Leu Glu Glu 

490 495 

Leu Cys Cys Arg Lys Lys Pro Gly Ala Cys De Thr Thr Ser Glu Leu 
505 510 

Phe i^g^Lys Leu Val Ser Arg His Val Leu Gta Phe Leu Leu Leu 

Tyr Gin Glu Pro L^ Leu Ala Leu ^ Val Asp Ser Ihr Asn Ser Arg 

l^u Arg His Cys Ala Tyr Arg Cys^Tyr Ala Thr Tip Arg Phe Gly Ser 

Gta Asp Met Ala Asp Phe Ala lie Leu Pro Ser Cys Cys Are Trp Arc 
565 570 575 ©re 

He Gta LysGiu Phe Pro Lys Ser Glu Gly Gin Tyr Ser Gly Phe Lys 
joU 585 590 

Ser Pro Tyr 
595 



<210> 13 
<211> 20 • 
<212> DNA 
< 213 > Homo sapiens 

<400> 13 

gtaacctcac tgagaacaga 20 

<210> 14 

<211> 20 

<212> DNA 

<213 > Homo sapiens 



<400> 14 ' ' 

tttggtaggc gaaggcgggc 20 



<210> 15 
<21I> 21 



<212> DNA 

< 2 1 3 > Homo sapiens 

<400> 15 
cct^tatgg gctttcgtgc t 



<210> 16 
<211> 21 
<212> DNA 
< 2 1 3 > Homo sapiens 

<400> 16 
t^gtatcc gtccatcagc t 



<210> 17 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 17 
actgccatat gtactattcc 



<210> 18 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 18 
aaatctaccc agccacttag 



<210> 19 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 19 
tgcagtggcc cacagcacag 

<210> 20 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400> 20 
caccctccaa tgcctgcatc 



<210> 21 

<211> 20 

<212> DNA 

<213 > Homo sapiens 

<400> 21 
ttteccatgt ttgccattta 



<210> 22 

<211> 20 

<212> DNA 

< 21 3 > Hoxno sapiens 

<400> 22 
caagagcagt ggttgcgtcc 



<210> 23 
<211> 20 
<212> DNA 
<213> Homo sapiens - 

<400 > 23 
gagcccacag atatctac^ 

<210> 24 
<2ll> 20 
<212> DNA 
< 213 > Homo sapiens 

<400> 24 
tgcctgcctc agtctc^gt 



<210> 25 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400 > 25 
tctctcgccc aggttgagtt 

<210> 26 
<211> 20 
<212> DNA 
< 21 3 > Homo sapiens 

<400 > 26 
acgtcctctc cgcagttctt 



<210> 27 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400> 27 
attcagaccg aaaggtgtgt 

<210> 28 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 28 
tgcctggtgt cccatcgagg 

<210> 29 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 29 
gttgtaacac tcc^tacca 



<210> 30 

<"2Tr>Tro~^~ 

<212> DNA 

< 21 3 > Homo sapiens 

<400 > 30 
aacagtgcca aaaacttcac 



ST- 



<210> 31 
<211> 20 
<212> DNA 
< 21 3 > Homo sapiens 

<400> 31 

tcactgtgcc catcaagaac 20 

<210> 32 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400> 32 

tgctgcgtgc ttctggctca 20 

<210> 33 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400 > 33 

c^ggagaacc cttttccaag 20 



<210> 34 

<211> 20 

<212> DNA 

< 2 1 3 > Homo sapiens 

<400> 34 

caggaggcag ggatcatttg 20 

<210> 35 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 35 

tccacccgct acgctaaggt 20 

<210> 36 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400> 36 

tgcgctaagg actttaccta 20 

<210> 37 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 37 

tctacctacc ctacctcgtc 20 



<210> 38 

<211> 20 

<212> DNA 

<213> Homo sapiens 



<400 > 38 . 

ccatcactgc tgtcccaaat 20 



<210> 39 
<211> 20 
<212> DNA 

< 213 > Homo sapiens 

..<400> 39 
tcgccttgat gacaagacca 

<210> 40 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 40 
gtaaactctt ccactc^tt 



<210> 41 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 41 
accaagacac ggagagattc 



<210> 42 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 42 
taatattaaa Cgtaacttta 



<210> 43 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400 > 43 
aatattaaac ataactttat 



<210> 44 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400> 44 
ccatctcaac tggaggagct 



<210> 45 
<21l> 20 
<212> DNA 
< 21 3 > Homo sapiens 

-51:400 >_45 

gactt^cca tcctgcccag 



<210> 46 
<211> 20 
<212> DNA 



<213> Homo sapiens 

<400 > 46 
^S8^g£atcc agaaagagtt 



<210> 47 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 47 
aatcccagca ctttgggagg 



. <210> 48 
<211> 20 
<212> DNA 
< 213 > Homo sapiens 

<400> 48 
aaactgtccc aaaaaaaaaa 



<210> 49 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 49 
aactgtcccc caaaaaaaaa 



<210> 50 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 50 
ctgtccccac aaaaaaaaaa 



<210> 51 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400 > 51 
caaggcgggt ggatcactta 



<210> 52 

<211> 19 

<212> DNA 

<213> Homo sapiens 

<400> 52 
cgtaggactt ggcgcttct 



<210> 53 

<211> 21 

<212> DNA 

< 21 3 > Homo sapiens 

<400> 53 
gagcacgtct cagattcgaa a 



<210> 54 



<211> 23 
<212> DNA 
<213>" Homo sapiens 

<400>. 54 

ccatgaggca ggtatgacta tcc 

<210> 55 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 55 
ctcctggatc tcacccagtt 

<210> 56 

<211> 23 

<212> DNA 

< 2 1 3 > Homo sapiens 

<400 > 56 
ctcgtccagc mgatatta agc 

<210> 57 
<211> 22 
<2i2> DNA 

< 213 > Homo sapiens 

<400> 57 

ggtccctagt gctagaacca ga 

<210> 58 

<211> 18 

<212> DNA 

< 21 3 > Homo sapiens 

<400 > 58 
attcatccgt cagtggcc 



<210> 59 

<211> 22 

<212> DNA 

< 2 1 3 > Homo sapiens 

<400> 59 
gccatgtgaa tmctaccg at 



<210> 60 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400 > 60 
ttcgttgtgg ttaggatggg 



<210> 61 
<211> 22 

< 212 > DNA 

< 21 3 > Homo sapiens 

<400> 61 

caaggatgct cagggtagta gc 



<210> 62 

<211> 25 

<212> DNA 

< 213 > Homo sapiens • 

<400 > 62 

cactaggttt gccgtatcca met 



<210> 63 
<211> 20 
<212> DNA 
< 213 > Homo sapiens 

<400> 63 
gcaactgtgt gagagcttgg 



<210> 64 

<211> 19 

<212> DNA 

<213> Homo sapiens 

<400> 64 
tcaaccctgg tccagtgtg 



<210> 65 

<211> 25 

<212> DNA 

< 213 > Homo sapiens 

<400> 65 

caccaagtag ctctcactca taagg 



<210> 66 

<211> 24 

<212> DNA 

< 2 1 3 > Homo sapiens 

<400> 66 

caataacact tgtgcgagtt aggt 



<210> 67 

<211> 21 

<212> DNA 

<213 > Homo sapiens 

<400> 67 
catcttgttg ccttggaaac c 



<210> 68 

<211> 23 

<212> DNA 

< 213 > Homo sapiens 

<400> 68 

gtgagtggta atcctgctac tgc 



<210> 69 

<211> 19 

<212> DNA 

<213> Homo sapiens 



<400 > 69 



aggcccactc ctgtactcg 



<210> 70 

<211> 19 

<212> DNA 

< 21 3 > Homo sapiens 

<400> 70 
ccaagtcaca gcatgaggc 



<210> 71 

<211> 18 

<212> DNA 

< 213 > Homo sapiens 

<400> 71 
acccagcgac gtatccac 



<210> 72 

<211> 19 

<212> DNA 

<213 > Homo sapiens 

<400> 72 
aagcatgggg ttccatttc 



<210> 73 

<211> 24 

<212> DNA 

< 213 > Homo sapiens 

<400> 73 

gcataaaagg gactcctgct agta 

<210> 74 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400 > 74 
gcttacagaa cacatgcatg g 



<210> 75 

*<211> 19 

<212> DNA 

< 21 3 > Homo sapiens 

<400> 75 
gcacctgtag gcacagtgc 



<210> 76 

<211> 21 

<212> DNA 

< 213 > Homo sapiens 

<400> 76 
tcaccacct.cagagcigtt.c_ 

<210> 77 

<2ll> 21 

<212> DNA 

< 213 > Homo sapiens 



<400> 77 
gttaacatgg ctactgcagc c 

<210> 78 

<211> 21 

<212> DNA 

<21 3 > Homo sapiens 

<400> 78 
gcetagaaag gaggcgactc c 

<210> 79 

<211> 22 

<212> DNA 

< 213 > Homo sapiens 

<400> 79 
ttgtgacatt tgcaaggctg cc 

<210> 80 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 80 
tc^aagctc igctcctgag 



<210> 81 
<211> 20 
<212> DNA 

< 213 > Homo sapiens 

# 

<400> 81 
ctcaccttct ggcctccagt 

<210> 82 
<211> 20 
<212> DNA 

< 21 3 > Homo sapiens 

<400> 82 
cctaccactc ccaggaccaa 

<210> 83 
<211> 20 
<212> DNA 

< 21 3 > Homo sapiens 

<400> 83 
gtctgcctgt tcactgccat 



<210> 84 
<211> 21 
<212> DNA 
< 21 3 > Homo sapiens 

<400> 84 
cagagacctt cagaaacttc g 



<210> 85 
<211> 20 



<212> DNA 
<213> Homo sapiens 

<400> 85 
agatcaccag ggacacag^ 



<210> 86 
<211> 20 
<212> DNA 
< 2 13 > ' Homo sapiens 

<400> 86 
ctcaactcca ctttcctcgg 



<210> 87 

<211> 23 

<212> DNA 

< 213 > Homo sapiens 

<400> 87 
cctttcactt mtggtctc atg 



<210> 88 
<2I1> 21 
<212> DNA 
< 213 > Homo sapiens 

<400> 88 
gggagaattc ^aaaatgcx: c 



<210> 89 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 89 
ggaccagagc tctactcnc 



<210> 90 
<211> 20 
<212> DNA 

< 213 > Homo sapiens 

<400 > 90 
aggtcataga tcgacccgcc 

<210> 91 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 91 
aagaagcgcc aagtcctacg 

<210> 92 
<211> 21 

-<212>_J31iA 

<213> Homo sapiens ' 

<400> 92 
gcaatccaga ctgaaguga c 



<210> 93 

<211> 20 

<212> DNA 

<213> Homo sapiens 

<400> 93 
actctggtct gcagttgg^ 



<210> 94 

<211> 24 

<212> DNA 

<213> Homo sapiens 

<400> 94 

cctttaaaat cagagacctt caga 



<210> 95 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 95 
gcccatcctc tgaacaccat 



<210> 96 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400> 96 
cccttggaac tcdgctatc g 



<210> 97 

<211> 21 

<212> DNA 

< 213 > Homo sapiens 

<400> 97 
ggcagtacag tggcttcaag a 

<210> 98 

<211> 21 

<212> DNA 

< 213 > Homo sapiens 

<400> 98 
gtgggacagt ttgagtgcc t 



<210> 99 

<2I1> 20 

<212> DNA 

<213> Homo sapiens 

<400> 99 
gagtccttac caatagcagg 



<210> 100 

<211> 21 

<212> DNA 

<213> Homo sapiens 

<400> 100 
gtcaaagaat ttgtggccac c 



<210> 101 

<2U> 26 

<212> DNA 

< 213 > Homo sapiens 

<400> 101 
catgaactgt cttttaatgt gtaaag 



<210> 102 

<211> 22 

<212> DNA 

< 2 13 > Homo sapiens 

<400> 102 
gagatacggt ttcacca^ tg 



<210> 103 

<211> 20 

<212> DNA 

< 213 > Homo sapiens 

<400> 103 
aattagctgg gcatggtgcg 



<210> 104 

<211> 21 

<212> DNA 

< 213 > Homo sapiens 

<400> 104 
ttgagatgga gtctcgctct g 



<210> 105 

<211> 20 

<212> DNA 

< 21 3 > Homo sapiens 

<400> 105 
cactgtecac gtgactgctt 



<210> 106 

<211> 25 

<212> DNA 

< 213 > Homo sapiens 

<400> 106 

tcctacttcg gtctggtaag agatt 



<210> 107 

<211> 19 

<212> DNA 

< 213 > Homo sapiens 

<400> 107 
gggcctaact ttcgtgcat 



<210> 108 

<211> 23 

<212> DNA 

< 213 > Homo sapiens 



<400> 108 
aagaacctag aacctgaggg etc 

<210> 109 

<211> 19 

<212> DNA 

< 2 1 3 > Homo sapiens 

<400> 109 
ttgagatggg aggcagctc- 



<210> 110 

<211> 17 

<212> DNA 

<213> Homo sapiens 

<400> 110 
ttcggctccc aggacat 



<210> 111 
<211> 20 
<212> DNA 
<213> Homo sapiens 

<400> 111 
cacagagctt tgcaggtgaa 



23 



19 



17 



PCT/EP2004/004076 



